






The mission of the International Network for the Improvement of Banana and Plantain is to sustainably
increase the productivity of banana and plantain grown on smallholdings for domestic consumption and
for local and export markets.
The Programme has four specific objectives:
• To organize and coordinate a global research effort on banana and plantain, aimed at the
development, evaluation and dissemination of improved cultivars and at the conservation and use of
Musa diversity
• To promote and strengthen collaboration and partnerships in banana-related research activities at the
national, regional and global levels
• To strengthen the ability of NARS to conduct research and development activities on bananas and
plantains
• To coordinate, facilitate and support the production, collection and exchange of information and
documentation related to banana and plantain.
INIBAP is a programme of the International Plant Genetic Resources Institute (IPGRI), a Future Harvest
Centre.
The International Plant Genetic Resources Institute (IPGRI) is an independent international scientific
organization that seeks to advance the conservation and use of plant genetic diversity for the well-being
of present and future generations. It is one of 16 Future Harvest Centres supported by the Consultative
Group on International Agricultural Research (CGIAR), an association of public and private members
who support efforts to mobilize cutting-edge science to reduce hunger and poverty, improve human
nutrition and health, and protect the environment. IPGRI has its headquarters in Maccarese, near
Rome, Italy, with offices in more than 20 other countries worldwide. The Institute operates through three
programmes: (1) the Plant Genetic Resources Programme, (2) the CGIAR Genetic Resources Support
Programme and (3) the International Network for the Improvement of Banana and Plantain (INIBAP).
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Foreword
Musa researchers have sent a recurrent message emphasizing the
importance of having access to the widest possible range of Musa genetic
diversity, particularly for studying and sourcing genetic resistance to pests and
diseases. Access to the world’s largest collection of Musa, managed by
INIBAP at the Katholieke Universiteit Leuven in Belgium, is guaranteed
through international agreement. However the secure conservation of
accessions in the collection is dependent on good house-keeping. INIBAP has
initiated a major effort, with funds from the World Bank and the Gatsby
Charitable Foundation, to rejuvenate the collection so that all older material is
replaced by fresh tissue cultures that are confirmed to be true-to-type. The
number of cryopreserved accessions in long-term storage is also being
increased.
Meanwhile Bolivian farmers are turning Musa genetic resources into new
trade and healthier food. INIBAP is directly aiding smallholders in the Alto Beni
region to upgrade their production systems and to develop cooperative
organizations for the marketing of organic banana in La Paz and beyond, to
the international market, in a project funded by the Organization of the
American States. Coincidentally, Peru made a significant impact on
international trade in organic banana in 2002 following a similar INIBAP-
supported rehabilitation programme of banana production systems. Since
2000, organic export from Peru, mainly from the Chira valley where the project
took place, has risen 136%, capturing 14% of the organic market. A study of
the extent of this impact on employment and earnings in the region is to be
published soon.
Studying the impact of the introduction of improved banana varieties in East
Africa is allowing INIBAP to embrace a more livelihoods-orientated approach
to project and programme implementation. This ambitious, multi-disciplinary
project poses questions about the smallholder farmers — the very people
addressed by INIBAP’s mission — that have never been asked before and
should lead us towards essential institutional learning.
Although conceptually far removed, the Global Musa Genomics Consortium
is clearly focused on the smallholder. Progress in 2002 included a growth in
membership, the launching of numerous projects and resource centres and
the development of three new bacterial artificial chromosome (BAC) libraries.
The initiative is attracting new attention to banana research, including
researchers whose primary interest is in other species. In parallel, a new
consortium on Musa breeding has been launched in order to maximize the
output of breeding initiatives worldwide.
INIBAP continues to expand its activities of coordinating and catalyzing
Musa research through numerous partnerships across the world. However,
only when our work is translated into benefits for smallholder banana farmers
and improvement in livelihoods can we say our job is done.
Emile Frison Geoffrey Hawtin
Director, INIBAP Director General, IPGRI
Musa germplasm management
While the bananas of the International
Musa Germplasm Collection are suspended in long term
conservation, the world around them is changing. In
2002, advances in information technology allowed
INIBAP to develop more efficient ways of managing the
Collection based at the Katholieke Universiteit Leuven
(KULeuven) (see Bananas are barcoded), and new
ideas have been put into action to respond to the
needs of genomics research (see The leaf
collection). Recent political changes in
the legal framework for international
plant germplasm movement are
also influencing the future of the
Collection. INIBAP may begin to revisit
the issue of the global coverage of the
collection. The need for wild genetic
resources is ever more pertinent in
building a better understanding of,
and a lasting resistance to, pests and
diseases. The International Treaty on
Plant Genetic Resources for Food and
Agriculture, adopted in 2001, paves the
way for wider public access to genetic
diversity of major crop plants.
A focus paper devoted to this
subject is published on page 30. 
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New accessions
The International Musa Germplasm Collection at
the INIBAP Transit Centre (ITC) holds 1148 Musa
and Ensete accessions. In 2002, the ITC received
20 new accessions from the Tengeru Horticultural
Research Station in Tanzania. The germplasm was
collected in a 2001 mission to explore endemic
Musa diversity in the eastern highlands of
Tanzania. The material includes five previously
uncollected East African highland banana
cultivars, 10 diploids and five AAA triploids from
the previously undescribed ‘Ilalyi’ group. Shoot tip
cultures are being prepared.
Medium term storage
In the course of 2002, 1419 accession samples
were transferred from medium term storage (MTS)
to fresh culture medium in order to obtain
proliferating shoot cultures for a new storage cycle
in MTS. A large proportion of the collection has
been in culture in MTS for 10 years or more. In
order to follow general guidelines and also to
identify any occurrence of somaclonal variation,
the collection is gradually being renewed in a
process of rejuvenation. This activity is also
supported by the Gatsby Charitable Foundation
(GCF) (see Conserving Africa’s banana and
plantain). In order to avoid the need to re-index for
viruses, the accessions are planted out in the
greenhouse and shoot-tip cultures are re-initiated
from the decapitated plants. In 2002, 805 plants of
226 accessions were selected for rejuvenation.
The most efficient decapitation protocol was
determined in 2001, using a method of splitting
the corm in half and planting in peat with
vermiculite (see Annual Report 2001, pp.8-9).
Tissue cultures are initiated from the shoots of
decapitated plants. An initial high rate of failure in
tissue culture initiation was experienced, but
counteracted by using larger explants (0.5cm3) for
initiation and a triple sterilization process. As a
result, the success rate of explant establishment
rose from 63% to 91%.
By the end of 2002, tissue cultures were
established for 92 accessions and are in
preparation for a further 102 accessions. From this
point, the explants derived from one single plant
are placed in multiplication medium for the
production of proliferating shoot cultures, and in
regeneration medium to obtain rooted plants.
Once four healthy cultures are established, the
plants on regeneration medium are prepared for
shipping to various partner institutes, where they
will be planted out in the field for verification of
their trueness-to-type. The proliferating cultures
are multiplied further and used to replace the old
material in the MTS. Leaf material is also collected
from the greenhouse plants for freeze-drying in
the newly-established leaf bank. Reassessing the
limitations of greenhouse space and the staff
capacity for preparing material for the leaf bank,
as well as for the MTS, it has been decided that
110 accessions should be rejuvenated per year.
The material from 110 accessions has already
been planted out for the next phase of
rejuvenation in 2003.
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Table 1. Number of accessions in the different




Medium term storage 1148
Rejuvenation 324
Leaf bank 101
Cryopreserved meristem cultures 97
Cryopreserved embryogenic cell suspensions 940 cryotubes 
of 56 cell lines* 
of 13 cultivars
* cell lines originate from KULeuven, Centre de coopération
internationale en recherche agronomique pour le développement
(CIRAD), Instituto de Investigaciones en Viandas Tropicales (INIVIT),
Corporación Bananera Nacional (CORBANA) and Centro de















Collection with a fresh
set of tissue culture for
medium term storage 
(E. Kempenaers,
INIBAP).
The entire collection has been verified clean of
bacterial contamination through a 6-year indexing
and eradication programme, which was completed
in 2002. However, samples returning from
rejuvenation or new accessions are still checked
for bacteria. A comparative study has also been
initiated to determine where endophytic bacteria
physically reside within tissue culture plants.
The leaf collection
Banana leaves provide unique taxonomic
information on a species, not only in their
morphological form but also in molecular terms.
Demands for DNA are increasing as genomic
research advances and the value of molecular
tools is appreciated in an increasing range of
studies. The ITC, up until now, has responded to
requests for DNA by providing fresh planting
material and is, therefore, constrained to providing
only virus-free accessions. However, a keen
interest has been expressed by PROMUSA
working groups to have access to fresh DNA of all
accessions in the collection, including the fraction
that is not accessible because of contamination
with Banana Streak Virus (BSV) or Banana Mild
Mosaic Virus (BanMMV). In order to supply the
demands for fresh tissue for DNA extraction, a
lyophilized leaf and DNA collection is now being
established. A custom-made protocol for the
optimal preservation of leaf samples has been
determined (see box) and is now in use.
Distribution around 
the world
Material from the collection is distributed on
request around the world. Requests must be
accompanied by a signed material transfer
agreement and an import permit. Samples are
sent out as rooted plantlets in Cultu Sacks® or
proliferating shoot cultures in plastic sealed
containers. In the course of 2002, 3667 samples
of 743 accessions were provided – 61.3% as
rooted plantlets, 38.6% as shoot cultures and
0.1% as leaf samples. The establishment of
national repository, multiplication and distribution
centres in the Asian region is already having a
marked effect on the activities of the ITC.
Distribution to the region was reduced in
comparison to previous years.
For the purposes of general research, improved
varieties and the reference cultivars used in
evaluation trials for the International Musa Testing
Programme (IMTP) are frequently requested. In
2002, of the virus-free material available for
distribution (i.e. 63% of the entire collection), 31%
was accessed for distributing to banana
researchers.
Bananas are barcoded
Improving the capacity to manage the
International Musa Germplasm Collection, INIBAP
staff are discarding their logbooks and Excel
spreadsheets and turning to a custom-made data
management system, which will allow them
access to all information on accessions, from
passport data to virus indexing results and stock
details, from one portal. An integrated module is
designed to manage orders and shipping. What’s
more, each accession is labelled with a unique
barcode, which is read by a mobile hand-held unit
that enables the ITC technicians to call up or input
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As part of 
the drive to improve
information
management, details on
each accession in the
International Musa
Germplasm Collection
can be pulled up and
edited through a hand-













The youngest fully expanded leaves are cut
from the plant, the midrib removed and the
lamina diced into 6x6cm sections (500mg).
The samples are frozen in liquid nitrogen and
kept separately in plastic bags at –80°C until
freeze-dried.
The frozen material is freeze-dried for 
24-48 hours until the moisture content is
reduced to 2.5-5%, and ten samples of 
each accession are stored at –20°C until
requested.
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data while walking around the collection. The new
system is being developed and populated with the
entire data bank of accession records and will be
fully operational in 2004.
Conserving Africa’s
banana and plantain
INIBAP is committed, through agreement with the
Food and Agricultural Organization of the United
Nations (FAO), to ensure the safekeeping of the
International Musa Germplasm Collection for the
public good. A common image of the genebank is
of banana plantlets in yellow-topped test tubes,
conserved in a chilled stillness for the indefinite
future. However, behind the continuity of ever-
available accessions in storage, there is a need for
rejuvenation, regeneration, validation and
research, as well as exploration to complete the
collection by adding lesser-known cultivars and
species in under-explored locations.
The GCF is investing in a plan to upgrade the
conservation of that part of the collection which
specifically touches Africa and, thereby, the
livelihoods of those families that depend most
intimately on the banana. The plan was activated
in 2002 and represents one of the first projects
taking place in the framework of The Global
Conservation Trust1.
As part of the routine management of the
collection, 50 accessions are cryopreserved
yearly. This represents the maximum rate
achievable by a single trained technician. In order
to increase this level so that 600 accessions will
be safely cryopreserved for long term
conservation within a three-year period, INIBAP is
looking to technical capacity elsewhere. The focus
is on identifying an African laboratory with
appropriate facilities, which would benefit from
developing expertise in cryopreservation of
banana.
Adding to the collection through the exploration
of the Congo basin is also envisaged. Central
Africa holds a secondary centre of plantain
diversity that has not been studied since the
1950s. The richest areas of genetic diversity are
believed to lie along a wide axis stretching from
the west of the Democratic Republic of Congo to
the northeast of Congo, with a hotspot located
around the Yangambi-Kisangani area and close-by
in Irumu. Once the area has become more
accessible to outside visitors, a collaborative
expedition will be led to the region to collect and
document germplasm.
Collecting missions – 
the Middle East
The initiative to explore potential areas of interest
for Musa genetic diversity took INIBAP to the
Middle East in 2002. Although not typically an
area of intense banana production, there are
extremes of temperatures and conditions which
demand the question how do farmers make
banana growing profitable and how important is
genetic diversity to them?
The joint FAO and INIBAP-supported survey
was headed by Dr. Edmond de Langhe, a leading
Musa taxonomist, together with local collaborators
in the target countries of Jordan, Egypt and
Oman. The venture represents the first to explore
Musa cultivar diversity in this part of the world. In
each country visited, the team assessed national
collections, as well as diversity in farmers’ fields.
They resolved taxonomic issues and proposed
various recommendations to improve banana
production and use.
In Jordan, only Cavendish (AAA) varieties were
discovered (Table 2), growing in the South Jordan
Valley to supply the capital. The frost-prone
winters deny the plants healthy bunch formation
and farmers have adapted a planting scheme to
maximise the growing time available: large maiden
suckers with peepers are planted in the spring and
small suckers are planted in September before
winter sets in. Furthermore, an intensive irrigation
system is demanded from March to September.
The survey team recommended that a broader
range of hybrids and cultivars are introduced,
especially from AAB and ABB groups that demand
less irrigation and maintenance. A field collection
should be set up to host the introduction of
varieties from outside the country and test their
performance under local conditions and their
acceptability to consumers.
In Egypt there is a field collection of Musa at the
El Kanater Agricultural Research Station.
Resulting from a 1954 taxonomic study by
V. Tackholm, the collection consists of a few
cultivars from AAB and ABB groups, a red banana
(AAA) and six Cavendish varieties. The most
widely cultivated variety is ‘Hindi’, a Dwarf
Cavendish. ‘Hindi’ represents the earliest banana
Networking banana and plantain
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Funding from the Gatsby Charitable Foundation is enabling the conservation
of germplasm for Africa through:
• placing 600 Musa accessions of African origin or special interest to Africa
in cryopreservation with the technical help of an African laboratory;
• transferring cryopreservation technology to African scientists;
• rejuvenating and re-evaluating 400 accessions in the field;
• collecting plantain germplasm from the Congo basin that is new to ex situ
collections;
• developing a conservation strategy for the complementary use of in situ and
ex situ methodologies.
1 The Global Conservation
Trust is a partnership formed
by the FAO and the Future
Harvest centres of the CGIAR
to secure the long term future
of crop diversity conserved in
genebanks around the world.
www.startwithaseed.org
introduction, having been cultivated in Egypt for
well over a century.
The team visited the entire Nile Valley, the Delta
and north Sinaï regions. ‘Hindi’ represents 70% of
the total banana harvest in Egypt. However,
despite its useful resistance to cold nights, the
cultivar is gradually being replaced by ‘Williams’
and ‘Grande naine’. Among various
recommendations to consolidate the nomenclature
of Egyptian varieties, the team proposed that a
comparative study of the Cavendish cultivars be
undertaken to ensure more efficient delivery of
plantlets to farmers from in vitro nurseries, and
that farmer-participatory trials of the use of
‘Mohammed Ali’ (Mysore AAB) as a windbreak
would be of interest. Following the team’s visit, the
collection at El Kanater was moved to a field
genebank at El Qaliobia, where better-funded
services will improve its future safekeeping.
Finally, Oman harbours a special interest in
banana culture, especially in the Dhofar region.
Two collections exist at the Agriculture Research
Station of Salalah and at the Royal Diwan Farms.
The Salalah accessions include several
introductions from Zanzibar, the Comores and
India and, as such, represent perhaps the only
known collection covering the Indian Ocean area.
A number of accessions, including three
presumed AA diploids, were not satisfactorily
identified. The team recommended highlighting the
status of the collection and resolving a means to
ensure its conservation and complete
characterization.
The banana plantations in the Dhofar region
cover a broad spectrum of sizes. Although well
managed, there is a problem with water-salinity
and production depends on government subsidies
to compete with cheap imported bananas. The
team recommended that more varieties resistant
to drought, salinity and also nematodes be
introduced and tested under local conditions.
Developing drought and salinity tolerance may
also be considered as a potential objective of
Musa breeding programmes.
This incursion into the Middle East was warmly
supported by local researchers and banana
producers, and promises the opening of new lines
of communication with INIBAP, as well as the
incorporation of a new perspective into
international Musa networking.
Cryopreservation
Two protocols for the cryopreservation of
accessions in the International Musa
Germplasm Collection, either using apical
meristems excised from rooted tissue culture or
starting with proliferating meristems, are well
established, and since 2001 roughly 50
accessions are being cryopreserved every year.
Using a methodology adopted by Institut de
recherche pour le développement (IRD) for their
coffee collection, housed at Centro Agronómico
Tropical de Investigación y Enseñanza (CATIE),
a calculation can be made to determine whether
an accession is safely stored. Storage is
considered safe when the probability of
regenerating at least one shoot is 95%. This
probability is based on (a) number of explants
stored, (b) number of representative explants
screened to estimate rates of survival, and (c)
post-thaw regeneration rate. At the end of 2002,
76 accessions at the ITC can be considered
safely stored for the long term.
Research continues into the optimization of the
cryopreservation protocol for the widest range of
11
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Table 2. Cultivars found commonly growing during a
survey of Musa diversity in the Middle East.
Jordan Egypt Oman
‘Balady’ (Dwarf ‘Hindi’ Dwarf Cavendish 
Cavendish – AAA) (Cavendish – AAA) (AAA)
‘Paz’ ‘Mohammed Ali’ ‘Williams’
(Cavendish – AAA) (Mysore – AAB) (Cavendish – AAA)
‘Grande naine’ ‘Baradika’ ‘Fard’
(Cavendish – AAA) (ABB) (Mysore – AAB)
‘Sindhi’ (ABB) ‘Green Omani’
or ‘Negal’











Musa varieties through funding from the Belgian
Directorate General for International Cooperation
(DGIC). In 2002, experiments were run on the
following variables:
• On proliferating meristems:
– orientation of meristem clumps on
regeneration medium, 
– length of sucrose preculture before PVS2
treatment, and 
– length of loading treatment between sucrose
pre-treatment and PVS2 treatment
• On apical meristems excised from rooted tissue
culture plants:
– length of loading treatment between sucrose
pre-treatment and PVS2 treatment, 
– ultra rapid cooling and thawing methodology,
and 
– size of explant.
Results indicate that there is an optimal duration
for sucrose pre-treatment and that the present 
14-day norm is appropriate (Figure 2).
‘Nyamwihogora’ and ‘Mbwazirume’ (both East
African Highland banana varieties) and ‘Cachaco’
(ABB) may be added to the total of four varieties,
from which high-quality scalps have been obtained
through culture on 10µM thidiazuron (TDZ) growth
regulator instead of 100µM benzyladenine (BA).
Observations in cryopreservation indicate that the
TDZ-derived scalps behave no differently from 
BA-derived ones. The use of TDZ dates to 2000,
when preparation time for obtaining scalps from
‘Williams’ was halved.
An alternative methodology was explored for
ultra rapid cooling and thawing of apical
meristems excised from rooted tissue culture
plants. A technique where meristems in PVS2
solution are plunged into liquid nitrogen on an
aluminium strip and enclosed in cryotubes has
been successfully employed since 2000. In 2002
the use of cryoballs was investigated. In this case,
apical meristems, together with PVS2 solution, are
dropped into liquid nitrogen. Cryoballs form as the
PVS2 solution solidifies, and are then transferred
into prefrozen cryotubes. The success rates of
both methodologies are comparable. The use of
aluminium strips, however, proves more practical
and will continue to be employed.
Finally, an experiment was carried out to
determine the influence different sized explants
have on post-thaw survival rates. Explants ranging
from 1 to 2.5 mm in diameter were cryopreserved.
For most accessions studied the smallest explants
survived the procedure most successfully. Shoot
regeneration is as high as 66% for 1mm explants,
compared to 25-30% for larger explants 
(Figure 3).
Virus therapy
The University of Gembloux continues to
investigate protocols for the eradication of viruses
from bananas, supported by DGIC. Techniques of
meristem culture, thermotherarpy and cryotherapy
are all under trial.
Cucumber Mosaic Virus (CMV) is not eliminated
effectively by meristem culture alone.
Thermotheraphy of CMV-infected bananas,
however, resulted in elimination rates of 35% and
70% on in vivo and in vitro plants respectively.
BSV is eradicated after meristem culture in
about 45% of regenerated plants. Cryotherapy of
highly proliferating meristems results in about 60%
eradication. Cryopreservation of single meristems,
however, appears to be ineffective.
Different strains of Banana Bunchy Top Virus
(BBTV) from Africa and China show contrasting
reactions to virus therapies. While 90% of plants
infected with the African strain are cured by
meristem culture, only 45% were cleaned of the
Chinese strain. However, cryotherapy of infected
“cauliflower-like” meristems increased the success
rate of the therapy for the Chinese strain to 75%.
An immuno-capture reverse transcriptase
polymerase chain reaction (IC-RT-PCR) protocol
was adopted for routine tests of infection with
BanMMV. The test, however, appears to be less
reproducible and more difficult to interpret than the
12
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standard enzyme-linked immunosorbent assay
(ELISA). There is also a possibility that it is not
detecting the virus; in a significant number of
cases a negative first test in vitro has turned into a
positive test in vivo after the plants have been
transferred to the greenhouse. Cultivars ‘Pisang
seribu’ and ‘Pisang awak’ infected with BanMMV
showed low rates of eradication with meristem
culture or regeneration. Preliminary results from
cryotherapy, however, are promising.
Characterization
Ploidy determination of Musa germplasm
The ploidy levels of the majority of germplasm
held at the International Musa Germplasm
Collection have been determined through flow
cytometry, carried out at the Laboratory of
Molecular Cytogenetics and Cytometry at the
Institute of Experimental Botany (IEB). In 2001,
relative DNA (deoxyribonucleic acid) content of a
range of species, other than Musa acuminata and
M. balbisiana, was calibrated to enable the assay
of further species in the collection. Research in
2002 focused on the analysis of non-
acuminata/balbisiana species. A total of 283
accessions was assayed, 119 for the first time,
164 for the second or third time. Seventy-four out
of 76 re-analysed samples showed no change in
ploidy level from previous analyses. The confusing
results relating to the remaining two accessions
may suggest a mixed ploidy status. Otherwise, the
verification of flow cytometry results provides
confidence in the consistency of the technique
and confirms that, for a small number of
accessions, ploidy levels do not reflect the
suggested classification at the ITC. In these
cases, chromosome counting should be
undertaken to provide independent confirmation.
Musa Germplasm Information System
• Prospecting with software
In 2002, INIBAP hosted a six-month internship
funded by the Government of Quebec. An analysis
of the contents of the Musa Germplasm
Information System (MGIS) was carried out in
order to identify any duplications, gaps and
misclassifications. The resulting recommendations
will help guide the effort to attain an agreed
nomenclature of varieties in MGIS.
An opportunity was also exploited to explore the
DIVA-GIS2 software, developed by Centro
International de la Papa (CIP) and IPGRI to
enable the mapping of biodiversity in a geographic
information system using a backdrop of
geographical, climatic, habitat and environmental
information. A number of INIBAP staff at
headquarters received training in the manipulation
of the software and the feasibility of using DIVA-
GIS more formally within the MGIS was explored.
Latitudes and longitudes were resolved for a total
of 476 collecting sites in Papua New Guinea,
China, Vietnam and Indonesia. The resulting maps
hold the potential to provide a visual and analytical
aid in prospecting for hotspots of pathogen and
crop evolution, as well as areas of interest for in
situ conservation.
• More on the MGIS data management system
To date, MGIS includes data from the germplasm
collections of 15 research institutions. In 2002,
updates were received from IITA, the Banana
Improvement Program (BIP) in the Philippines,
Kenya Agriculture Research Institute (KARI) in
Kenya, Research Institute for Fruits (RIF) in
Indonesia, and South China Agricultural University
(SCAU) in China. A searchable database is also
being designed for public access on the web, and
will be made available in 2003.
• African curators develop MGIS skills
Twenty-three curators of Musa germplasm
collections in Africa gathered together for the first
time at a workshop in Nyombé, Cameroon. The
focus of their meeting was a training course on
information management related to germplasm
conserved in their collections. The data generated
using their new skills will be entered into the Musa
Germplasm Information System (MGIS) and allow
them to exchange information with curators from
all around the world.
The training course responded to a request for
better MGIS skills from regional networks and was
funded by the Technical Centre for Agriculture and
Rural Cooperation (CTA) and hosted by CARBAP.
It involved exercises on taxonomic identification
using the list of descriptors developed by IPGRI,
INIBAP and CIRAD. Taking advantage of the
gathering, a workshop to determine names and
synonyms of plantains in West and Central Africa,
using the data and photos from MGIS, was held
after the training course and a preliminary list of
accepted variety names was agreed.
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Germplasm collection
curators, Margaret
Onyango from KARI 
in Kenya and Shaban
Mkulila from ARDI in
Tanzania, learning







Successful agriculture depends on effective use of
soils, climate and biodiversity. The study of the
evolution of farming in a particular area can
therefore provide valuable insights into options for
the sustainable development of that area and its
agro-biodiversity today1. The study of plant
remains from archaeological sites can provide
evidence of both the origins of crops and the
origins and development of the societies that were
cultivating those crops.
In tropical areas, however, there is a contrast
between the palaeobotanical evidence from
savannah and forest sites. In savannah sites,
crops were predominantly seed-propagated —
cereals and pulses — and the part of the plant
principally consumed, the grain, is relatively likely
to have been preserved in the archaeological
record. In more humid forest sites, not only is the
breakdown of organic matter more rapid, but also
the major crops were typically fruits, roots and
tubers. The use of fruits may be inferred from
palynology (pollen analysis) and carpology (fruit
analysis) — though the presence of pollen
provides only circumstantial evidence that fruit
were present and consumed, while the seeds and
endocarp of fruit are only readily preserved if they
include hardened tissues. Root and tuber crops
such as yam and cocoyam (taro) are vegetatively
propagated and tend to leave an even less
complete archaeological record. Root tissues are
now increasingly being recorded and
palaeobotany has acquired new tools to identify
them (Hather 1994); however, the history of such
crops remains largely speculative.
Bananas provide a particular challenge to
archaeologists. Not only is the crop vegetatively
propagated but the fruit of cultivated bananas are
essentially seedless. For many crops,
archaeologists are able to trace the history of
domestication through the relative enhancement of
the useful part of the plant that farmers have
achieved through selection. In bananas,
paradoxically, domestication seems to have been
closely associated with parthenocarpy — the
ability of the plant to produce fruit without setting
seed. Thus the wild species from which cultivated
bananas are derived, Musa acuminata and Musa
balbisiana, have abundant, hard seeds, that
render the fruit scarcely edible but leave a strong
archaeological record, while cultivated bananas




The breakthrough for palaeobotanists interested in
the cultivation of banana has been provided by
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An understanding of traditional cultural practices can provide a platform
for contemporary sustainable development but this requires accurate
knowledge of the past. Archaeology can provide tangible reference points
but the palaeobotanical record of seed-producing crops is typically richer
than that of the vegetatively-propagated crops that predominate in humid
tropical areas. Unravelling the origins of banana cultivation illustrates this
challenge and others specific to this crop. However, phytoliths,
characteristic mineral inclusions found in the tissues of many plants, can
help to resolve the problem. Musa phytoliths provide archaeological
evidence of banana cultivation in the Asian and Pacific regions, as well as
the crops’ introduction to Africa.
work on phytoliths. Phytoliths — literally “plant-
stones” — are found in various organs of species
in every branch of the plant kingdom. The term, as
used here, means siliceous mineral inclusions in
plant tissues. They result either from intra- or
intercellular mineralization or from the
mineralization of cell walls. Phytoliths are formed
in particular tissues under certain conditions. In
particular, the accumulation of phytoliths in tissues
appears to be correlated with the silica levels in
the environment, the age of the individual plant
and other environmental conditions, such as
humidity. The morphology of the phytolith provides
clues to the species of plant and the organ in
which it was formed.
Importantly for archaeologists, the available
evidence suggests that phytoliths are not
displaced far from their point of origin. After the
death of the host plant and the decomposition of
its tissues, phytoliths generally remain in situ and
form part of the soil sediment. After the death and
decay of the host plant, phytoliths may remain in
the soil sediments for as long as 60 million years.
This is in marked contrast to pollen which, in most
cases, may be transported by wind over large
distances, providing only general evidence of the
presence of a particular plant species in the
general environment.
Tomlinson (1969) published the first descriptions
of phytoliths of Musaceae under the name of silica
bodies. The study indicated that banana phytoliths
occur only in leaves, where they are observed as
intracellular mineralizations distributed in a line
along vascular bundles. Recent reports suggest
banana phytoliths are also found in seed, bracts
and peduncles (Lentfer, 2001) and indeed in some
other families of Angiosperm (e.g. Gramineae,
Cyperaceae, Moraceae and Burseraceae)
phytoliths of characteristic morphology (Piperno
1989) are found in fruit, thus providing more direct
evidence of fruit consumption. Considering the
many uses served by banana leaves, however,
there is a strong possibility that banana phytoliths
occur in the archaeological record in a wide range
of circumstances and provide general evidence of
the cultivation of this crop.
Archaeological 
evidence of Musa
The exact origins of banana and, as discussed
below, the details of its domestication remain in
doubt. However, the earliest evidence of banana in
the archaeological record — provided by phytoliths
— is from Papua New Guinea (PNG). Wilson
(1988) reports the occurrence of Musa phytoliths
for the Kuk site, in the upper valley of the Wahgi,
on Mount Hagen. The findings correlate with
stratigraphic indications of agricultural activity. A
detailed analysis suggested that the observed
phytoliths correspond to the Eumusa and
Ingentimusa sections of the Musa genus, but not
Australimusa. The oldest levels of the site are
dated to 10,000 years ago. A sampling programme
for the Kundil section at Kuk carried out during the
1990s confirmed Wilson’s observations. Apart
from quantitative differences which relate to depth,
the Musa phytoliths also show morphological
differences (Lentfer 2001). This may indicate that
phytoliths from different plant organs or
alternatively different species or cultivars are
implicated. Phytoliths also provide evidence of
banana cultivation at a much later site, dated
between 400 BC and 650 AD on the island of
Watom, in eastern PNG (Lentfer and Green 2001).
Elsewhere, phytoliths recovered from sites
across Asia provide further evidence of banana
cultivation:
• Bowdery (1999) carried out phytolith analyses
for the Laotian sites of Ben Ang (Plain of Jars)
and Lao Pako (on the Mekong alluvial plain). At
Ban Ang, the samples came from sedimentary
contents inside an ancient jar. At Lao Pako, the
samples originated from alluvial sediments. The
dates of occupation of the sites range from
500 BC to AD 500.
• Three complexes are represented in the shelter
of a rock at Gua Chawas at Kelantan, on the
Malaysian Peninsula. For each of these levels,
Bowdery (1999) noted the presence of banana
phytoliths. The Hoabinhian complex is
represented at the base of the sequence.
Although the definition of the complex is not
clear, it is accepted that these under-rock sites
of continental southeast Asia date from 3000 BC
to 1000 BC, showing indications of vegetative
propagation by the Hoabinhian.
• For the Indian subcontinent, the Kot Diji site,
near Sindh, in Pakistan, occupied from 3000 to
2000 BC, harbours evidence of Musa, which





where the 2500 year-old
banana phytoliths were
discovered.
The first evidence of Musa on the African
continent comes from phytoliths discovered at the
archaeological site of Nkang, situated 90 km north
of Yaoundé (see map), Cameroon (Mbida et al.
2001). The analysis of material from this site
(carried out in the course of doctoral studies within
the Archaeology section of the Musée Royal de
l’Afrique Centrale de Tervuren, Belgium, under the
direction of Prof. P. de Maret) records the
presence of phytoliths of Musaceae in two
situations: the refilled layers at the bottom of one
pit and in material adhering to a pottery shard
from another. The qualitative morphological
differences between Musa and Ensete,
established in reference material, identifies the
Nkang material unambiguously as Musa (Table 1;
Figures 1-4). Carbon (C14) dating of the charcoal
deposits from the site establish that it was
occupied between 2580 and 2170 ago. Three
other dates obtained for the pit where the
phytoliths were found indicate a period of use of
between 2400 and 2480 ago, agreeing well with
those obtained for the charcoal. These dates point
strongly towards the cultivation of bananas on the
Atlantic side of the African continent for at least
some 2500 years.
Phytoliths also provide evidence of the
dispersal of banana across the Pacific, albeit
from much more recent sites. The archaeological
analysis of “garden pits” on Easter Island, dating
from after the 13th century (Stevenson, personal
communication), indicate two occurrences of
Musa phytoliths (Cummings 1998, Vrydaghs et
al. in press). So far, banana phytoliths have not
been found in the Americas, though this is
probably due to the lack of specific research.
Just as the phytoliths of Ensete and Musa must
be distinguished in African and Asian sites, those
of Heliconia and Musa must be separated for
American sites. Descriptions which make this





Tracing the exact history of banana domestication
in southeast Asia and New Guinea is complicated
by the co-occurrence, over an extended period, of
various wild Musa species and the domesticated
crops derived from them. Hence it can be
extremely difficult to be sure whether a Musa
phytolith observed in a particular archaeological
context belongs to a wild species or to a cultivar.
It is nevertheless possible to outline a likely
scenario for the evolution of this crop and to
consider appropriate methodologies that would
allow the botanical components to be
differentiated and the process of domestication
elucidated.
Such a scenario might run as follows:
The relevant original landscape in New Guinea
consisted of the genera Ensete and Musa, with
the sections Australimusa and Eumusa of the
latter genus.
The seeds of Ensete, Musa and the relevant
subgenera can easily be distinguished. Ensete
produces large, rather globular seeds with a
smooth surface. Eumusa seeds are small,
dorso-ventrally compressed with an irregularly
angular shape2 and with a more or less minutely
tuberculate surface3. Australimusa seeds are
comparable to the Eumusa ones, but they show
a distinct and rather conspicuous protuberance
at the opposite side of the hilum.
Initial domestication concerned Musa acuminata
subsp. banksii (A) and produced a series of more-
or-less edible (parthenocarpic) AA4.
Unfortunately, the chances of distinguishing
phytoliths of such plants from those of the wild
relative are negligible: both have an almost
identical genetic background with the same
histology.
Further domestication produced the AAA triploids.
Intercrossings among the edible AA combined
with erratic megasporogenesis led to the




image of a phytolith




image of a phytolith
from Ensete
ventricosum
Figures 3 & 4. Light
microscope images of
the phytoliths found in
the archaeological
remains of Nkang.
11 µm10 µm 5 µm 11 µm
Table 1. A comparative table of the anatomical
features of Musa, Ensete and the Nkang phytoliths.
Anatomical Musa Ensete Nkang
features phytolith phytolith phytolith
outline of the concave convex concave
cone slope
outline of saddle-like planar saddle-like 
cone summit
structure of thin thick continuous
the cone rim continuous 1 to 3 
sometimes indentations
one indentation
cone surface smooth densely warty smooth
base outline rectangular rectangular rectangular
to squarish to squarish to squarish
some are 
boat-shaped
base surface protuberances no protuberances protuberances
Polyploid banana tissues have larger cells,
especially in the leaves (Simmonds 1948) and
there is no reason why the phytoliths would not
have followed this increase in volume. Herein
lies an opportunity to detect banana cultivation
via relative changes in phytolith size.
The advent of hybrids with Musa balbisiana.
M. balbisiana (B) in New Guinea is believed to
be a secondary diploid, produced from
crossings with and among weakly-fertile edible
hybrids such as the ABB. This B-ancestor of the
Pacific plantains may have been generated in
the islands of southeast Asia and introduced to
New Guinea by Austronesians (De Langhe and
de Maret 1999).
The natural occurrence of M. balbisiana in New
Guinea cannot, however, yet be ruled out
Resolving this uncertainty will have implications
for our understanding of both the origins of
cultivated banana and the migrations of people.
If, during archaeological studies, characteristic ‘B’
phytoliths or even seeds were discovered from a
certain level onwards, and not in lower strata, then
that could indicate the arrival of ‘non-Aborigines’.
The deduction would then be that the species is
not native to New Guinea. If, however, the lower
levels do yield traces of the species, it would
suggest that the taxon is indigenous and no direct
conclusions can be made about the ‘Austronesian
visit’.
The sub-globular seeds of M. balbisiana are
excellent markers since they differ markedly from
most other Eumusa seeds. The identification of the
‘B’ phytoliths requires a comparative
morphological study of other Eumusa phytoliths,
which has not so far been carried out. Such a
study has to include the A x B genomic
combinations in order to assess the morphological
impact of the ‘B’ component.
Clearly, there is an urgent need for a detailed
morphological description of Musa phytoliths. The
study should be concentrated on the following
aspects:
• Quantitative (i.e. morphometric) assessment of
the difference between phytoliths of AA versus
AAA.
• Qualitative assessment of the differences
among the phytoliths of M. acuminata (AA), M.
balbisiana (BB) and selected representatives
from the derivative genomic groups—AB, AAB
and ABB.
Armed with such information, including the
characterization of seed forms, archaeological
research would be better equipped to help detect
several important evolutionary trends, including
the domestication of major crops and the early
development of horticultural techniques. It is
widely assumed that taro, banana, yam and
sugarcane formed a basic association of crops in
New Guinea — for which banana would act as a
prominent marker in the archaeological record.
These improved palaeobotanical tools would also
help to elucidate the introduction of techniques
and crops by Austronesian-speaking ancestors
arriving in the lowlands of New Guinea and their
transfer to indigenous peoples that are presumed
to have occurred in course of ensuing cultural
contacts.
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2 The one notable
exception is the nearly-
globular seed of Musa
balbisiana. The species
was probably not part of
the original flora of New
Guinea. It is postulated





Finding such seeds in a low
stratum would upset this
theory, however, since the






3 The two Eumusa species
on mainland PNG are the
ubiquitous Musa
acuminata subsp. banksii
(A) and M. schizocarpa (S)
to the west. Interspecific
(A x S) crosses occur but
no fertile AS diploids have
been recorded. Barely
edible AS and polyploids do
exist and they would have
appeared and persisted
since the time of
domestication via
vegetative propagation.
4 Musa schizocarpa bears
fruits that are unattractive
because of the early
splitting of the pericarp
that exposes the interior of
the fruit to weather and
other sources of damage
well before ripening. In any
case, edible SS are not
observed.
Musa germplasm improvement
Can an increase in the number of acronyms listed at the
back of the annual report be construed as a sign
of progress? Indeed, we are forced to expand our
vocabulary as new techniques and tools in
genomics push the boundaries of our present
knowledge. Advancing through the hall of
genomes is also bringing new partners in touch
with INIBAP. In 2002 two new consortia are
under construction: one on the genomics of
Mycosphaerella fijiensis and the other on
breeding. Researchers can see the power in
numbers, and both these initiatives will help
build the impetus to break through the
challenges of banana breeding and the
intransigence of black leaf streak.
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A global project with 
the Common Fund for
Commodities (CFC)
Banana yields vary strikingly from more than 40
tonnes/ha in large-scale plantations to less than 8
tonnes/ha in struggling smallholdings. In the past
three decades the gap in yields has widened,
although, Asian countries have proved that yield
improvements are possible at the smallholder
level. Asian farmers are harvesting
10.11 tonnes/ha, up from 8.97 tonnes/ha in 1970.
INIBAP’s work is geared to improving
smallholder yields through research and
networking. However, in an attempt to influence
banana production directly at the farmer level,
INIBAP is providing a setting for more than 1000
farmers in seven African and American countries
to grow, evaluate and market improved banana
varieties. The Common Fund for Commodities
(CFC) is financing the project.
The Democratic Republic of Congo (DRC),
Ecuador, Guinea, Haiti, Honduras, Nicaragua and
Uganda are implementing projects through
national organizations (Institut National pour
l’Etude et la Recherche Agronomiques (INERA),
La Fundación para el Desarrollo Agropecuario
(FUNDAGRO), Institut de Recherche Agronomique
de Guinée (IRAG), Institut Interaméricain de
Coopération pour l’Agriculture (IICA), Fundación
Hondureña de Investigación Agrícola (FHIA),
Universidad Nacional Autónoma de Nicaragua-
León (UNAN-León) and National Agricultural
Research Organization (NARO) respectively).
In 2002 the first phase of the project was
initiated in all countries and well advanced in
some. Planting material of improved varieties from
a selection of 27 varieties in total has been
multiplied and planted in demonstration plots
within each country. In Haiti, DRC and Guinea,
there were no facilities for multiplication and initial
material was supplied by private tissue culture
companies. In the meantime, training is being
provided to technicians in handling tissue-cultured
plants and facilities are being constructed.
Evaluation of the performance of the selected
varieties will take place on-farm, involving the
participation of at least 150 farmers in each
country.
In the second phase of the project, loans will be
made to the farmers to enable them to purchase
the planting materials and inputs themselves. To
encourage more enterprising farming, market
studies are planned to provide growers with
information on potential avenues for earning cash
from their produce. Training in integrated pest
management, rapid multiplication, clean planting
material is also envisaged. The added advantage
of the project is that the data collected will feed
into the results of phase 3 of IMTP.
Musa breeding at FHIA
The FHIA hosts one of the world’s five major
banana breeding programmes. INIBAP, with
USAID funds, is assisting FHIA’s efforts to breed
bananas through hybridization, to maintain the
germplasm bank and research pathogen
populations. The support to the breeding
programme is focussed on the use of improved
diploids and introduction of molecular techniques
and early screening methodologies. A total of 20
crosses are aiming to produce plantains resistant
to black leaf streak, dwarf, early flowering cooking
bananas and export bananas resistant to black
leaf streak, nematodes and Fusarium wilt. For
each cross, at least 15 hybrid plants should be
produced, necessitating the pollination of an
estimated 9300 racemes for 20 crosses in total. In
2002, 3426 racemes were pollinated and 15
hybrids were produced for four crosses: AVP-67 x
Calcutta IV, SH-3648 x SH-3142, SH-3648 x
SH3362 and Highgate x SH3142. All other
planned crosses are under way and at various
stages towards the production of hybrid plants
(Table 1). Also in 2002, several fundamental
improvements were made to the infrastructure of
the Centro Experimental y Demostrativo Dr. Phillip
Ray Rowe, affecting the nursery, shade-house,
embryo rescue laboratory and field drainage
systems.
PROMUSA
Weevil working group finds its legs
The first meeting of the PROMUSA Weevil
working group was held in the Canary Islands in
March 2002. Weevils are a pernicious pest which
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Networking banana and plantain
Trial plot of improved
banana varieties at Petit
Goave in Haiti
(A. Mena, IICA).
cause reduced yields and toppling of plants. They
have limited capacity to disperse and are largely
spread through exchange of infected planting
material. Plantains and East African Highland
Bananas are markedly susceptible, leading to the
problem weighing particularly heavily on the
shoulders of African farmers, but also plantain-
growers in Latin America.
Much of the energy dedicated to the eradication
of weevils has been addressed to developing
integrated pest management programmes and
biological controls. This is the first occasion where
weevil scientists, biologists and geneticists have
convened under the banner of PROMUSA in order
to focus on genetic improvement. The working
group will function as the five other groups, led by
a convenor with a core membership of scientists
active in the discipline of genetic improvement,
and a more general membership who work in
related areas, including policy development and
technology transfer. Whilst this focuses activities, it
also allows the members whose interests go
beyond that of genetic improvement to benefit
from the gathering of expertise and initiate
activities outside the usual remit of PROMUSA.
The meeting participants agreed that their main
aims are to:
• identify sources of resistance;
• develop screening methods and protocols;
• agree on references and checks.
The full list of agreed research priorities is given
in the box below.
The group members also presented their own
research and proposed the use of facilities and
capacity to provide support to the group’s
activities. Communication lines are now open and
a second meeting is expected to take place in
2003.
INIBAP Annual Report 2002
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Table 1. Crosses and progress towards producing hybrid plants in 2002.
Cross Racemes Racemes Seeds Embryos  Embryos Plants in
harvested extracted cultivated in development the nursery
Development of plantains resistant to black leaf streak
AVP-67 x 2989 122 18 182 35 8
AVP-67 x Calcutta 4 144 14 424 90 5 29
Dwarf French x 3437 2
Dwarf French x 2989 19 6
Dwarf French x Calcutta 4 6
FHIA-20 x 3648 143 70 106 12 2
3648 x FHIA-20 20 1 6 4 3
FHIA-21 x 3648 171 81 185 46 2 9
3648 x FHIA-21 6
Development of a dwarf, early flowering cooking banana
Saba x 3648 37 7 9
Pelipita x 3648 24 8 1000 423 423
Pisang awak x 3648 76 64 765 108 1 14
3648 x 2989 4 1 55 30 25
3648 x 3142 14 25 739 163 107
3648 x 3362 14 17 2954 643 424
Development of an export banana resistant to black leaf streak, nematodes and Fusarium wilt
Highgate x 2989 102 83 18 13 2
Highgate x 3142 185 202 105 68 19
Highgate x 3437 122 105 77 25 7
Lowgate x 2989 545 452 1 1 1
Lowgate x 3142 854 1406 6 2
Lowgate x 3362 209 315 6 4
Lowgate x 3437 607 515 5 1




• Compile and exchange information on screening
methods and checks
• Standardize protocols for screening and identifying
sources of resistance
• Gather information on mechanisms of resistance
• Assess the possibility of site-specific differences
regarding resistance
• Develop research priorities that address the
compatibility of genetic improvement with other
management practises
• Consider developing integrated pest management
(IPM) research priorities to contribute to genetic
improvement.
Third meeting of the Sigatoka working group
Following the International workshop on
Mycosphaerella leaf spot diseases (see p.36), 
the members of the PROMUSA Sigatoka working
group met for two days. The recommendations
arising from the former meeting (see box, p.36)
were endorsed by the group and detailed
discussions resulted in the formulation of further
points of action, as follows:
• An international collection of strains of different
Mycosphaerella pathogens is required, to be
based on single ascospore cultures and in vitro
characterization of the anamorph stage. CIRAD
is proposed to initiate the project and host the
collection.
• Pathogen sampling protocols should be
standardized and technical information widely
disseminated to facilitate a worldwide capacity
to accurately collect and study Mycosphaerella
pathogens. IMTP provides an obvious channel
for communication and standardization. The role
of south and southeast Asian researchers is key
to this initiative.
• Methodologies for observing pathogenicity,
using in vivo or in vitro systems, should be
standardized. CIRAD’s protocol for inoculating
leaf fragments, isolating, cultivating and
producing inoculum should be disseminated.
• New sources of resistance are much in demand.
Existing collections could, however, be
characterized. The ‘severity index’ should be
used as the unique parameter for identifying
sources of resistance.
• In the development of comprehensive diagnostic
tools, the group suggests an assessment of the
specificity of molecular methods currently
available, the development of a descriptive
manual of symptoms and morphological
characteristics, the standardization of protocols
and training of PROMUSA members in
collection, culturing and use of molecular
markers.
• To assess the durability of resistance specific
studies should be carried out in areas where
disease-resistant varieties have been cultivated
for a relatively long time (e.g. Cuba). These
should focus on the development of molecular
markers linked to pathogenicity to help elucidate
whether genetic drift is involved, the
quantification of selection pressure over time
and the breakdown of resistance by in vitro
testing.
• Knowledge of dispersal mechanisms of the
pathogen is vital to disease control. Data
collection of disease occurrence should be
centralized and methodologies to study spore
release and survival must be developed. The
potential for wind dispersal should be
investigated.
Furthermore concept notes and partnerships were
developed in the area of ‘Airborne dispersal of
Mycosphaerella pathogens of Musa – monitoring
of airborne spread of M. fijiensis into uninfected
areas of the Caribbean’, ‘Development of
diagnostic tools for Mycosphaerella species on
banana’, ‘Investigation of the durability of the
resistance of banana hybrids to M. fijiensis’ and
‘Determination of the pathogenic variability of
M. fijiensis and M. musicola populations’.
Breeders and Musa balbisiana
Scientists involved in the small number of Musa
breeding programmes worldwide met at
KULeuven in May 2002 to consolidate their ideas
for joint initiatives and activities. The result was the
conceptual initiation of a Global Musa Breeders’
Consortium, in parallel to the Genomics
Consortium. The group’s aim will be to employ
genetic improvement to resolve the present-day
challenges in banana production.
The proposals and research priorities presented
as a result of the meeting (see box at right) were
strongly endorsed by the PROMUSA Genetic
improvement working group. The same themes
were also the subject of an ad hoc meeting on
Musa balbisiana (see box at right). The latter
gathering took place on 8-10 July in Bangkok,
Thailand, attended by largely Asian researchers
involved in the study of the balbisiana genome.
The 3rd International symposium on molecular 
and cellular biology of bananas
KULeuven, Belgium, provided the venue for the
3rd International symposium on molecular and
cellular biology of bananas. More than
Networking banana and plantain
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100 scientists gathered for the scientific meeting
and a large proportion of them stayed on for
further deliberation in PROMUSA Virology and
Genetic improvement working group meetings. In
addition, a meeting of research groups on the
molecular biology of Mycosphaerella fijiensis took
place. Their aim is to launch a new consortium
which will bring together genomic initiatives on
M. fijiensis and Mycosphaerella graminicola, a
relatively well-studied pathogen which parasitizes
wheat. The participants discussed the pooling of
resources, such as molecular markers and
segregating populations, for the building of genetic
maps. CIRAD and Centro de Investigaciones
Científicas de Yucatán (CICY) are also
undertaking research to develop bacterial artificial
chromosome (BAC) libraries, and collections of
cDNA, expressed sequence tags (ESTs) and
microarrays for the pathogens.
Unpeeling the genome
The members of the Global Musa Genomics
Consortium met at KULeuven for the second time
in September 2002. The membership has been
boosted by newcomers in the form of the
University of Helsinki in Finland, the Universities of
Malaya and Putra Malaya in Malaysia and National
Institut of Agrobiological Sciences (NIAS) in
Japan. Further roles of the Consortium members
are being elucidated: FAO International Atomic
Energy Agency (FAO/IAEA) plans to serve as a
repository of mutants; IEB will host the Musa
Genome Resources Centre (MGRC), KULeuven
proposes to provide a Musa transgenic centre and
the ITC has set up a service to provide lyophilized
leaf material.
BAC libraries
Three BAC libraries have been developed by
partners in the Consortium from wild Musa
acuminata and M. balbisiana species and a triploid
cultivar. A ‘Calcutta 4’ (AA) library with nine times
the coverage of the haploid genome has been
prepared as a joint venture between CIRAD,
INIBAP and Empresa Brasiliera de Pesquisa
Agropecuaria (EMBRAPA) (See Calcutta 4 BAC
Library: getting closer to localizing translocation
points). A library of ‘Pisang klutuk wulung’ (BB) with
45 000 clones and an average insert size of 145 kb
was developed between CIRAD and IEB. Finally, a
‘Grande  naine’ library of 55 296 clones and an
average insert of 145 kb was prepared by CIRAD.
The libraries are being incorporated into the
Musa genetic map using restriction fragment
length polymorphism (RFLP) markers. Their
availability through a material transfer agreement
gives free reign to researchers in the Consortium
to make direct comparisons between A and B
Musa genomes, as well as other genomes that
have become available, particularly rice. It has
also laid a path for the molecular study of
BSV and the viral sequences’ integration into
the B genome.
Calcutta 4 BAC library: getting closer to
localizing translocations points
The construction of the Calcutta 4 BAC library was
finalized as part of a project between the
Advanced Platform of Agropolis, CIRAD,
EMBRAPA and INIBAP. The BAC library contains
55 296 clones with an average size of 100 kb.
The majority of the insert sizes (75%) fall between
75 and 175 kb (Figure 1). Two copies of the
library, the master copy and a working copy Q1,
have been made and are stored at -80˚C.
Contamination of organelle DNA was found to be
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Research action proposed by
two PROMUSA meetings:
Musa breeders and scientists working on Musa
balbisiana
• To establish a breeding programme in Asia: The development of a
breeding programme in Asia to focus on ABB varieties is envisaged to
fill gaps in regional and varietal emphases. Priority aims would be to
breed resistance to Fusarium wilt and Mycosphaerella leaf spot
diseases, and introduce dwarf characteristics. A classical breeding
approach, using molecular and cytology aids is under consideration.
• To intensify collecting missions: Sources of resistance to Fusarium
oxysporum f. sp. cubense, Mycosphaerella leaf spot diseases,
nematodes and weevils are keenly sought. Prospecting missions
should be targeted on China, Thailand, the Philippines, Vietnam,
Cambodia, Laos, Bangladesh, Northeast India, Indonesia and Burma.
• To standardize and broaden characterization efforts: Institutes
should press ahead to fully characterize existing collections and study
the distribution of the four known genome-integrated sequences of
BSV and their release factors. Morphological characterization should
include the evaluation of fruit quality and resistance to abiotic and
biotic stresses. A set of molecular primers may be made up using
material from different institutes. Standard protocols and reference
clones should be used and all the data centralized. Screening for
resistance to major pests and diseases, including viruses BBTV,
BBrMV and Abaca mosaic virus could also be carried out in a similar
fashion. In addition, recent molecular revelations suggest that
Australimusa may have contributed more to banana cultivars than
previously believed. Accessions from this section of Musa too,
therefore, should be included in characterization efforts.







1.5% for chloroplast DNA and 0.067% for
mitochondrial DNA.
The BAC library was screened with 13 banana
genetic markers (RFLP probes) linked to eight
linkage groups of the consensus molecular map to
evaluate the coverage of the library, which had
previously been estimated to be nine times the
haploid genome. A total of 135 BAC clones were
identified, resulting in an average of 10.38
BACs/probe. The genome is thus well represented
and the library will be a valuable tool for many of
the goals set by the Musa Genomics Consortium.
The BAC library is currently used to develop a
physical map of the banana genome and to
identify the position of translocation groups (a
translocation is a rearrangement occurring when a
piece of a chromosome is broken off and joined to
a nonhomologous one). So far, five BAC clones
have been used as probes in in situ hybridization
with preparations of ‘Calcutta 4’ chromosomes.
Two of them are related to linkage groups that are
potentially implicated in translocations. The same
experiment will be repeated with the cultivars
‘Madang’ and ‘ Zebrina’.
Creating a new 
East African Highland
Banana
An estimated 12 million tonnes of East African
highland banana (EAHB) are produced annually, a
figure that is comparable to the entire international
trade in banana, which rests at around 14 million
tonnes. EAHB are consumed entirely within the
countries of East Africa, where they have been
appreciated as a staple food crop for more than a
millennium. The group of cultivars and the steady
decline of yields has been of small concern
outside the region, until recently.
Launched in 2000, a partnership made up of
NARO, Makerere University, INIBAP, CIRAD,
KULeuven, University of Pretoria, the John Innes
Center (JIC) and IITA are attempting to develop
new varieties of EAHB through biotechnological
means. Their aims are to introduce genetic traits
of resistance to prevalent local pests and
diseases, namely black leaf streak, nematodes
and weevils, into cultivars of regional importance.
They are focussing their efforts entirely on building
the infrastructure and capacity in Uganda itself.
The government of Uganda is the chief funder of
the three-year project, although financial support
is also coming from the Rockefeller Foundation for
individual studentships, and also from the Belgian
Government and USAID.
Two laboratories for molecular biology and
tissue culture research are fully equipped and
running with a team of trained technicians. Work is
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More news 
in genomics
• Identification of individual chromosomes
from the A genome is now routinely
possible at IEB using FISH with ‘low-copy’
BAC clones.
• MUSAGENE-BR, the Brazilian genomics
network involving EMBRAPA
(CENARGEN and CNPMF), UCB, CENA-
USP and Campo, is up and running. They
have won funding from CNPq to sequence
BAC clones and to develop and
characterize ESTs and RGAs.
• EMBRAPA/CENARGEN and CIRAD are
collaborating in three projects: (1) the
sequencing of four ‘Calcutta 4’ BACs
anchored to the rice genome with cDNA
markers; (2) the development of three
cDNA libraries for the sequencing of ESTs
from Mycosphaerella fijiensis – inoculated
leaves and non-inoculated leaves and (3)
the characterization of RGAs using
degenerated primers designed from highly
conserved sequences. One of the
potential outcomes of the collaboration is
a DNA chip for microarray studies of gene
expression in banana leaves.
• Musa aneuploids of ‘Grande naine’ are
being generated at FAO/IAEA by gamma
ray irradiation. They are being
characterized.
• BACs with integrated BSV sequences are
being identified from the B genome library
in a CINVESTAV/INIBAP/CIRAD project,
carried out by a PhD student in the
framework of Agropolis.
• A comparative genomics study of the
Adh1 locus is under way at CIRAD.
• A highly efficient transformation system
for gene discovery using promoter tagging
and insertional mutagenesis is established
at KULeuven.
• Two randomly selected BACs of ‘Calcutta
4’ (AA) are being sequenced at
KULeuven.
• The first ‘Calcutta 4’ BAM BAC library,
developed through an earlier project, is
being evaluated by CICY.
• The development of ESTs, focussing on
fruit ripening, has begun on a small scale
at IIHR.
• NARO and FAO/IAEA are collaborating in
a project to produce mutants through fast
neutron bombardment and gamma ray
irradiation of ‘Calcutta 4’ seeds.
• FAO/IAEA organized an interregional
training course in October 2002 on mutant
germplasm characterization using
molecular markers.
See glossary on p. 56 for acronyms in full.
under way to establish a bank of embryogenic cell
suspensions (ECS) for genetic transformation from
eight cultivars: ‘Mbwazirume’, ‘Kibuzi’,
‘Nakasabira’, ‘Nandigobe’, ‘Kabula’, ‘Mpologoma’,
‘Nakinyika’ and ‘Kisansa’. Methods of establishing
ECS, using either male flowers or meristem
cultures as starting materials, are being applied
with the assistance of CIRAD and KULeuven. In
2002, good-quality scalps, which once introduced
to the appropriate medium (ZZ) should produce
embryos, have been obtained from all eight
cultivars. However, despite the scalps remaining
several months in embryogenesis induction
medium, the goal of obtaining a reasonable
embryogenic response remains elusive. A broad
range of expertise is being tapped in order to
overcome the recalcitrance of the cultivars.
In parallel, a PhD student is working on
introducing sources of genetic resistance to black
leaf streak into banana at KULeuven. Success has
been achieved in establishing an easily
reproducible protocol for introducing a chitinase
gene into non-EAHB banana varieties through
Agrobacterium-mediated transformation, and to a
lesser degree through particle bombardment.
Chitinase has been demonstrated in rice to have
anti-fungal properties. The chitinase-transformed
banana plants are currently being tested for their
resistance to black leaf streak at CIRAD.
Meanwhile different lectins, which have
inhibitory effects on nematode sensory systems,
are being introduced into Arabidopsis and
Nicotiana species. Those showing high levels of
expression in roots are being selected and their
effects on banana nematodes determined.
Weevil resistance is being explored through the
screening of Bt strains by NARO and CIRAD,
and a doctoral study, based on collaboration
between IITA, NARO and University of Pretoria,
examining the action of cysteine proteinase
inihibitors (cystatins) isolated from rice and
papaya against the banana weevil. In 2002,
cystatin proteins were purified from recombinant
gene sequences and tested in culture with weevil
midguts. Initial results indicate that papaya
cystatins reduced cysteine proteinase activity in
adult and larval midgut to 19% or less (Figure 2).
A further PhD student from Uganda, to be
posted to the University of Pretoria, will work on
mechanisms of resistance.
The project is undoubtedly ambitious in
developing high-tech facilities as well as new
skills, and working with a range of cultivars which
are stubbornly recalcitrant in many levels of
research, within a limited financial framework.
However, the research promises a bounty which
will prove useful for both conventional breeding as
well as other areas of pest and disease
management. It has also brought together a
creative consortium of partners all turning
precious attention towards a vital smallholder crop.
Improvement through
genetic transformation
Research carried out by KULeuven on the culture
of ECS and the transformation of Musa is
supported by DGIC.
Development of embryogenic cell suspensions
Embryogenesis-competent material is established
currently through two techniques: first by the
culture of multiple shoots in a medium containing
100 µM BAP (N6-benzylaminopurine) and second
through the culture of freshly excised 5 mm shoot
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Capacity is being built
in Uganda to develop




Figure 2. Inhibition of
proteolytic activity of
(top) adult banana






tips in 1-10 µM TDZ medium. The resulting
cultures from the second procedure display more
densely packed meristems in histological studies
(Figure 3). The outgrowth of shoots appears to be
more actively suppressed by TDZ compared to
BAP, and procambial cells are more numerous,
although less distinctly organized. This renders
cultures of ABB-type cultivars, such as ‘Bluggoe’,
suitable for the excision of scalps after two
subcultures instead of three.
Since January 1998, a total of 18 265 BAP-
derived explants from 17 cultivars have been
induced for embryogenesis. In 2002, the induction
of cultivars ‘Cacambou’, ‘Cachaco’ and ‘Dole’
increased the representation of the ABB genome
group. Since January 2001, a further 9340 TDZ-
derived cultures have been induced. The
frequency of embryogenic responses suggests
that TDZ-derived scalps are capable of an
acceptable rate of embryogenesis (see table 2
and 3), indeed a higher rate than BAP-derived
scalps. Plantain cultivars and cooking bananas
were the most responsive (up to 16.7% and
11.7% respectively). However, the embryos
obtained from TDZ-derived scalps were often
relatively mature and distinct. An ideal callus for
suspension should consist of a heterogenous
complex with a relatively large amount of
embryogenic callus and numerous tiny transparent
embryos, something that BAP-derived scalps are
currently better at producing. Highland bananas
remain unresponsive.
The active ingredient of embryogenesis-
induction medium (ZZ) is 5 µM of 2,4-
dichlorophenoxyacetic acid (2,4-D). The influence
of a range of concentrations of 2,4-D on
embryogenic response was investigated for
different banana varieties. In general, a higher
concentration of 2,4-D results in reduced growth of
the non-embryogenic callus and more extensive
blackening of induced explants. The genome
group of the variety is the most important
determinant of a positive embryogenic response.
While embryogenesis was successfully induced
for ‘Grande naine’, ‘Burro Cemsa’ and ‘Orishele’ at
all concentrations, the Highland banana variety
‘Ingarama’, and the diploid ‘Calcutta 4’, show a
toxic reaction even at the lowest concentrations. In
these cases, a larger explant (0.5 cm2) may help
to compensate for the sensitivity to 2,4-D.
TDZ-derived ECS have been initiated for the
varieties, ‘Williams’ (AAA), ‘Agbagba’(AAB),
‘Orishele’ (AAB), ‘Bluggoe’ and ‘Cachaco’ (both
ABB). The preparation time and regeneration
capacity of ECS from TDZ-derived and BAP-
derived scalps appear to be comparable. Some
effort has been made to improve the quality and
maintenance of ECS in order to boost
regeneration capacity and limit the occurrence of
somaclonal variation. Samples of established cell
lines are regenerated into mature plants at
intervals of at least three months. Their trueness-
to-type is being monitored. In parallel, the DNA
content of ECS samples is analysed through flow
cytometry at the FAO/IAEA Agriculture and
Biotechnology Laboratory at Seibersdorf. Sixty-
three cell lines from 15 varieties were analyzed in
2002. The relative DNA content of 48 cell lines,
which mostly exhibit strong regenerative capacity,
corresponded to expected values. In a small
number of samples, where the suspension is
characterized by starch-rich and non-regenerative
cells, the DNA content appears to be higher than
expected.
Transformation of banana
Improved methods for selecting transformed
cells from untransformed cells are under study
at KULeuven. Positive selection, where
transformed cells have a metabolic advantage
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Figure 4. Gene
constructs used for
tagging promoters in the
banana genome.
A. pluc 19 contains a
selectable marker
gene (neo) on the
right and a luc
reporter gene on the
left.
B. ps35Sluc 19 is
identical except that
the luc gene is under
the control of a
promoter (CaMV 35S)
and is used as a
positive control.
RB/LB (right or left
border); luc (luciferase
gene); tnos (terminator




of the nopaline synthase
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Table 2. Initial embryogenic reactions of TDZ-derived scalps inoculated on embryogenesis induction medium (ZZ) between January 
and December 2002. Only scalps cultured for more than 14 weeks are included. 
Cultivar Genome ITC code [TDZ] No. inoculated Responsive Ideal % scalps Highest% ECS Ready for first
1-10 µm scalps (14 wks scalps callus forming scalps forming application
in culture) ECS ECS in single trial (no. lines ready)
Calcutta 4a AA 0249 1 240 - - - -
10 264 1 - 0.4 0.6
Williams AAA 0365 1 240 2 1 0.8 0.8
10 2208 32 18 1.4 3.8 Yes
100 240 7 1 2.9 2.9 Yes
Igisahira gizanswe AAA-h 0083 5 96 - - - -
10 456 - - - -
Ingarama AAA-h 0160 1 264 - - - -
5 312 - - - -
10 240
Nyamwihogora AAA-h 0086 1 - - - - -
5 - - - - -
Agbagba AAB-p 0111 1 240 19 - 7.9 7.9 Yes
5 240 40 - 16.7 16.7 Yes
10 600 32 - 5.3 9.2 Yes
Orishele AAB-p 0517 1 312 28 6 9.0 11
5 480 24 7 5 6.7 Yes Yes (1)
10 288 9 1 3.8 3.8
Bluggoe ABB 0010 1 - - - - -
5 - - - - -
10 336 37 6 11 25 Yes Yes (1)
Cacambou ABB 0058 10 -
Cachaco ABB 0643 1 240 28 1 11.7 16.7
5 216 13 1 6 6.7
10 264 8 2 3 8.3 Yes
Dole ABB 0767 10 - - - - -
Total 7776 280 71
Average 3.6 4.6
Table 3. Initial embryogenic reactions of BAP-derived scalps inoculated on embryogenesis induction medium (ZZ) between
January 2001 and December 2002. Only scalps cultured for more than 14 weeks are included. 
Cultivar Genome ITC code No. inoculated Responsive % scalps Highest% ECS Ready for first 
scalps (14 wks scalps forming ECS scalps forming applications 
in culture) ECS in single trial (no. lines ready)
Calcutta 4a AA --- 1872 - - -
Grande naine (GN) AAA 1256 2160 113 5.4 11.7 Yes Yes (4)
GN FHIA AAA --- 1296 11 0.8 2.9 Yes
GN JDB AAA --- 1872 17 0.9 4.2 Yes
Williams BSJ AAA 0570 581 9 1.5 7.2 Yes Yes (4)
Williams JDb AAA --- 2928 100 3.4 22.2 Yes Yes (9)
Williams AAA 0365 240 2 0.8 0.8 Yes
Ingarama AAA-h 0160 1344 - - -
Mbwazirume AAA-h 0084 1128 - - -
Nyamwihogora AAA-h 0086 864 - - -
Agbagba AAB-p 0111 576 3 0.5 0.5 Yes Yes (1)
Obino l'Ewai AAB-p 0109 336 3 0.9 2 Yes Yes (1)
Orishele AAB-p 0517 1440 39 2.7 5.8 Yes Yes (5)
Burro Cemsa ABB 1259 504 - - -
Cacambou ABB 0058 - - - -
Cachaco ABB 0643 - - - -
Dole ABB 0767 - - - -
Total 17141 297
Average 1.7 3.4
a derived via zygotic embryo rescue. Seeds obtained from IITA.
b supplied by Queensland Department of Primary Industries (QDPI)
over untransformed ones, can be achieved by
introducing a marker gene with the capability of
activating a physiologically inert compound so that
it has a positive effect. Sugars such as mannose
and xylose, for example, can be metabolized by
bacterial enzymes phosphomannose isomerase
and xylose isomerase respectively, when their
gene analogues are inserted into transformed
cells. Xylose selection was applied to banana ECS
transformed with the xylA gene. The xylose
medium, however, appeared to have a negative
affect on the growth of the transformed cells. The
high polyphenol content of banana cells may be a
causal factor.
A gene trapping technology is being developed
for the isolation of promoters with specific
expression patterns. The luciferase gene (luc),
from the firefly, was used as a reporter gene to
detect promoter activity. Levels of activation were
quantifiable through intensity of light emitted
measured by an ultrasensitive CCD camera. The
timing and stability of luciferase expression was
studied in ECS of ‘Three hand planty’ (AAB),
‘Grande naine’ (AAA) and ‘Gros Michel’ (AAA), to
which the promoterless luciferase gene in the
form of the pluc19 construct (Figure 4) had been
introduced. Transformed colonies were selected
and screened for luciferase activation by various
induction treatments, and with no induction at all.
Of approximately 24 000 transgenic colonies of
‘Gros Michel’, 17 (0.07%) showed constitutive
expression. A further 24 000 colonies screened
with the systematic acquired resistance activator,
benzothiadiazole (BTH), identified eight (0.03%)
candidates. Six (0.05%) out of 11 000 colonies
were induced by sodium chloride treatment.
Finally, of 2 800 proliferating meristem cultures,
12 cultures (0.4%) showed constitutive
expression. All candidates have been
regenerated into mature plants and multiplied.
Several regions upstream from inserted
sequences have been cloned and are being
sequenced. The isolated lines will also be
evaluated under different environmental
conditions and undergo molecular
characterization. New constructs for tagging
promoters are also being devised to increase
tagging frequency.
To establish a protocol for transforming
meristematic tissue directly, rather than through
ECS, several experiments were initiated using
particle bombardment as well as co-cultivation
with Agrobacterium. The current rate of success is
as low as 0.1%. The transformation of three non-
chimaeric plants, in total, of the cultivar ‘Williams’
has been confirmed. Endogenous nucleases from
wounded meristems may be responsible for
degrading the free plasmid DNA where particle
bombardment is employed. To test this hypothesis,
a nuclease inhibitor, aurintricarboxylic acid (ATA),
was added to plasmid DNA in the presence or
absence of excised banana meristems. The
results indicate that banana meristems do exhibit
strong nuclease activity that can potentially be
stemmed by the addition of ATA (Figure 5). This
treatment may help to increase the success rate
of transformation by particle bombardment. The
influence of the age of meristem explants and the
effect of anti-blackening agents are now under
investigation.
Questioning impact
The outcome of each project tells its own story of
advances in research, developing capacity in
National Agricultural Research Systems (NARS)
or introduction of new varieties to villages or
districts. However, whether banana and plantain
productivity is improving in general and whether
INIBAP and its partners are making a difference to
people’s lives in the longer term are pertinent
questions of wide relevance.
INIBAP and the International Food Policy
Research Institute (IFPRI) are embarking on a
new and altogether novel initiative to assess the
social and economic impacts of improved banana
on smallholder livelihoods in Eastern Africa. The
project is multidisciplinary, involving in-depth
economic research at a household level, the
projection of economic surplus at the national level
through IFPRI’s Dynamic Research Evaluation for
Management (DREAM) model approach, and
a broadened assessment of impact on a
sociological level using a Sustainable Livelihoods
Approach (SLA).
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Lane 1: DNA size
marker;
Lane 2: negative control
- DNase-treated
plasmid (pBI426);
Lane 3: intact plasmid
in water;




Lane 5: plasmid in water
with excised banana
meristems;
Lane 6: positive control -
intact plasmid in ZZ
medium;




Lane 8: plasmid in water
with excised banana
meristems and 2 mM
ATA.
1  2  3  4  5  6  7  8
Uganda and Tanzania are the countries under
study. INIBAP and IFRPI are working in
partnership with NARO, ARDI and Makerere
University. For all partners the project
represents an opportunity to explore unmarked
territory, to build a much desired capacity to
analyse impact in-house and to uncover some
important factual information which should lead
to changes at the research policy and
institutional level. For this reason, the project is
also leading the way in the concept of
Institutional Learning and Change (ILAC).
In 2002, a planning workshop took place in
November in Kampala, Uganda, through the
financial support of USAID, which is funding the
economic studies. The meeting was responsible
for bringing together researchers from
sociological and economics disciplines, as well
as those scientists involved in the improvement
and dissemination of improved banana varieties
in Uganda and Tanzania. The Sustainable
Livelihoods framework (Figure 6) was used as a
basis for identifying key research questions.
This approach, promoted widely through
organizations such as the UK Government’s
Department for International Development
(DFID) and the United Nations Development
Program (UNDP), encourages the breaking
down of the usual concepts of impact, measured
by increases of regular income or nutrition, and
leads to the exploration of a broader range of
factors. The SLA leads investigators into
thinking about the constraining processes that
confine people to poverty, the factors that render
families vulnerable, and the suite of assets,
including social and human capital, and
strategies that people rely on to keep them from
the poverty line.
Research teams, including at least five PhD
students, to carry out the study are being
formed and field work will commence in 2002.
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INIBAP and IFPRI are
conducting household
surveys to assess the
social and economic
impact of improved























After nearly two decades of negotiations, the International Treaty for Plant
Genetic Resources was adopted in 2001. This agreement covers the
world’s most important food crops, including Musa, and sets up a
multilateral system for accessing plant genetic resources and sharing
benefits. Taking Musa as an example, this paper retraces the road leading
to the Treaty.
Innovations in agriculture traditionally stem from
the meticulous work of farmers and the
freewheeling movement of plant materials.
Comparing wild species with their domesticated
relatives draws attention to the ingenuity of proto-
farmers and their descendants, whereas sifting
through the archaeological and historical records
reveals the journeys made by domesticated
plants; whether traveling as hand luggage on
human migrations or being picked up by explorers
and travelers. The outcome of this protracted and
unplanned experiment is an interdependent world
in which virtually all countries rely heavily on food
plant species originating from outside their
borders.
Intertwined for better 
or worse
Cassava, maize, groundnuts and beans, for
example, originated in Latin America and became
staple food crops in many countries of sub-
Saharan Africa. In turn, African crops such as
millet and sorghum contribute to the diet of people
in India and Latin America. And of course,
bananas, which started off in Asia, are an
important staple food in large parts of Africa and
Latin America.
As Figure 1 shows, most of the world’s plant
genetic resources for food and agriculture
(PGRFA) originate from regions that are part of
the developing world, whereas developed
countries are heavily dependent on germplasm
originating in other regions. But of these, only
West Central Asia and South Asia get a majority
of their germplasm from within their region; the
others are generally poor in native crop genes
(Kloppenburg and Kleinman, 1987).
But with movement of germplasm also came
displacement as indigenous crops often gave way
to exotic species, or more recently, to improved
varieties. Concerns over genetic erosion led to a
flurry of collecting in the 1970s and 1980s and to
the creation of several genebanks and germplasm
collections. INIBAP’s own Musa germplasm
collection, located at the INIBAP Transit Center in
Belgium, was created in 1985. The year before,
INIBAP had been established to coordinate
research on bananas and plantains, which were
plagued by increasingly virulent diseases. One of
the objectives of the emerging programme was to
encourage the safe exchange of Musa germplasm
for the development of disease-resistant varieties.
The importance for breeders of being able to tap
the banana genepool is exemplified by the genetic
pedigree of the improved hybrids produced by the
Fundación Hondureña de Investigación Agrícola
(FHIA), in Honduras. The production of these
hybrids, which have been bred to be resistant to
black leaf streak disease, used material collected
in The Philippines, Sabah, Sarawak, Malaysia,
Java, Bali, Irian Jaya, Papua New Guinea, New
Britain and the Solomon Islands.
An international treaty vital
for future food security
Anne Vezina, Suzanne Sharrock and Emile Frison
Bananas originated
from Asia but have
become an important
staple crop in Africa,
where the rates of
consumption are now
the highest in the world
(T. Hemelings, KCDP).
At the time of the establishment of INIBAP,
however, quarantine regulations were putting a
constraint on germplasm movement. The disease
caused by the banana bunchy top virus was
common in Africa, Asia and the Pacific, but absent
in the Americas. INIBAP therefore focused its
efforts on addressing quarantine issues,
developing indexing methods and setting up virus
indexing centres. By the late 1980s, the system to
allow the safe movement of germplasm was in
place, but the premise that PGRFA are “the
common heritage of mankind” was coming under
intense criticism. Developed countries were
accused of appropriating the South’s PGRFA only
to sell it back to developing countries in the guise
of improved varieties.
The Convention on Biological Diversity (CBD),
which came into force in 1993, paid heed to this
shift in thinking by affirming the sovereign rights of
nations over their genetic resources. This new
state of affairs raised concerns over the status of
collections assembled before 1993. To ensure that
the accessions contained in their collections
remained freely available to all, the Centres of the
Consultative Group on International Agricultural
Research (CGIAR) signed an agreement with the
Food and Agriculture Organization of the United
Nations (FAO). Under this agreement, the Centers
of the CGIAR hold the designated germplasm “in
trust” for the benefit of the international community
and cannot claim legal ownership nor can they
seek intellectual property rights over it or related
information. In 1994, the ITC became part of the
International Network of ex-situ genebanks
following the signature of an agreement between
IPGRI and FAO.
The agreement with FAO ensured that the
germplasm in the international genebanks would
remain freely available and used in research on
behalf of the international community, but it could
not guarantee the reciprocal arrangement. The
changes brought about by the CBD meant that
bilateral agreements were the only channel
remaining open for germplasm exchange. The
non-binding International Undertaking (IU)
adopted in 1983, was used as starting point to
develop an international regime that would
facilitate access and benefit sharing while
retaining the spirit the CBD.
The long hiatus
During the negotiations leading up to the adoption
of the International Treaty on Plant Genetic
Resources for Food and Agriculture, in 2001, the
uncertainty surrounding the issue of access
indeed led several countries to withhold the export
of their PGRFA, inaugurating a period of
drastically reduced exchange of germplasm.
The INIBAP Transit Center (ITC) was among the
institutions affected.
As Figure 2 shows, the number of accessions
acquired has been reduced to nearly zero in the
last few years. One of the differences with the pre-
CBD period is that the ITC does not always
receive duplicates of the germplasm collected as
part of missions supported by INIBAP, even if
duplication is part of the agreement between
INIBAP and the country where the collecting took
place. Some countries have agreed to make
cultivars available to the ITC, but added that they
would hold on to their wild species until the issue
of access to PGRFA is resolved. For banana
breeders who depend on fertile wild species to
breath some genetic diversity into cultivars, this is
far from an ideal situation. For the moment,
breeders have to make do with the species
already collected, which represent only a fraction
of the existing diversity. One of the main tasks of
the ITC in the coming years will be to boost its
holding of wild species.
The ITC, meanwhile, has continued providing a
constantly increasing quantity of Musa germplasm
to bona fide users doing research, field evaluation
and breeding (Figure 3). The irony, of course, is
that some of the countries withholding their
germplasm use the ITC to access germplasm
from other countries, confirming the need to
replace the current unsustainable one-way system
with the multilateral system envisaged by the
Treaty.









The monetary fallouts of bilateral
arrangements
According to calculations done by the FAO, bilateral arrangements
would not deliver large amounts of money to the countries
harbouring PGRFA. Their conclusion is based on the assumption
that 10% of the net profits of the commercial seed industry – from
sales totaling about US$15 000 million annually – would be
shared between the providers of PGRFA. Given that
approximately 5000 new varieties are protected and registered
every year, and that on average a new variety is the result of
crosses between materials coming from 10 countries, the US$150
million available for redistribution would represent only US$3000
on average for each source country.
Source: Report on the State of the World’s plant genetic resources for food
and agriculture (FAO, 1998).
The Treaty in a nutshell
A multilateral system was considered preferable to
bilateral agreements for several reasons. It was
felt that developing countries that are poor
financially and poor in genetic resources would
have little prospect of obtaining genetic resources
through bilateral exchange mechanisms for lack of
funds or of original genetic diversity to exchange
(Cooper et al., 1994). Besides disadvantaging
many developing countries, there is also no
evidence that bilateral arrangements would deliver
significant riches to the countries who do have
genetic resources to offer.
The Treaty sets up a multilateral system of
access to the species contained in the genera of
35 food crops, including Musa (Table 1),
15 legume forages, 12 grass forages and 2 other
forages. The genera in the list cover most of the
crops important for food security. The list can be
changed with the consensus of the parties to the
Treaty. Initially, only the PGRFA under the
management and control of parties to the treaty
and the genebanks of the IARCs and other
international institutions will be included in the
multilateral system. This provision can be enlarged
to other genebanks, e.g. university collections,
pending a review by the Governing Body within
2 years of the entry into force of the Treaty. Under
the Treaty, a party is obliged to provide access to
the PGRFA on the list when requested to do so by
another party. For species not on the list,
exchange of germplasm will be conducted through
bilateral agreements.
Under article 12.3 of the Treaty, access is to be
“accorded expeditiously without the need to track
individual accessions”. Facilitated access is
subject to intellectual property rights and other
property rights, but recipients of germplasm
obtained through the multilateral system cannot
claim any intellectual property right over the
material, “in the form received”, ensuring that the
accessed PGRFA remain in the public domain.
Among the conditions for access are the
benefit-sharing provisions. Article 13 stipulates
that benefits arising from the use, including
commercial use, of PGRFA “shall be shared fairly
and equitably through the exchange of
information, access to and transfer of technology,
capacity building and the sharing of benefits
arising from commercialization”. This is in addition
to having reciprocal access to PGRFA, which in
itself is probably the most important benefit.
Life after the Treaty
A state of reduced exchange of germplasm is
likely to continue until the Treaty comes into force,
once it is ratified by 40 countries. Each country
that ratifies it will then develop the legislation and
regulations it needs to implement the Treaty. The
prize for being among the first 40 countries is a
seat on the Governing Body, which will guide the
implementation of the Treaty. One of the first tasks
of the Governing Body will be to review the
Material Transfer Agreement, which establishes
the conditions for recipients of materials and
ensures that the germplasm remains in the public
domain.
Notwithstanding limitations on the types of crops
and collections covered by the Treaty, the creation
of a multilateral system is a considerable
achievement. By reviving the possibility of drawing
upon the widest genetic base possible, it should
spur advancements in crop improvements and
contribute to food security.
Discussions on controversial topics will no doubt
continue as some feel that farmers’ rights, for
example, have not been adequately addressed. To
certain people, those rights should be akin to
intellectual property rights. Sceptics contend that
the issue has raised false hopes about the
potential for compensation from developed
countries and the feasibility of implementing such
rights (Wright, 1996). In the middle are those who
think that by leaving the responsibility of
implementing farmers’ rights to national
governments, the Treaty has taken a first step
towards their clarification (GRAIN, 2003).
As far as bananas are concerned, the Treaty
means that the ITC can pick up where it left off
ten years ago, in particular to supplement its stock
of genetic diversity with wild Musa species. Wild
species are the mainstay of breeders and a
repository of genetic treasures such as genes for
resistance to diseases. It is hoped that the
countries harbouring this diversity and those with
breeding programmes will ratify the International
Plant Treaty in order to materialize the benefits
derived from the free movement of PGRFA and
offer a better future to the impoverished
populations of the world.
Figure 3. (right)
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Table 1. List of food crops covered under the multilateral system.
Crop Genus Observations




Brassica complex Brassica et al. Genera included are: Brassica, Armoracia, Barbarea, Camelina, Crambe,
Diplotaxis, Eruca, Isatis, Lepidium, Raphanobrassica, Raphanus, Rorippa
and Sinapis. This comprises oilseed and vegetable crops such as
cabbage, rapeseed, mustard, cress, rocket, radish and turnip.
The species Lepidium meyenii (maca) is excluded.
Pigeon Pea Cajanus
Chickpea Cicer
Citrus Citrus Genera Poncirus and Fortunella are included as root stock.
Coconut Cocos











Cassava Manihot Manihot esculenta only.
Banana / Plantain Musa Except Musa textilis.
Rice Oryza
Pearl Millet Pennisetum
Beans Phaseolus Except Phaseolus polyanthus.
Pea Pisum
Rye Secale
Potato Solanum Section tuberosa included, except Solanum phureja.
Eggplant Solanum Section melongena included.
Sorghum Sorghum
Triticale Triticosecale
Wheat Triticum et al. Including Agropyron, Elymus, and Secale.
Faba Bean / Vetch Vicia
Cowpea et al. Vigna
Maize Zea Excluding Zea perennis, Zea diploperennis, and Zea luxurians.
Source: The International Treaty on Plant Genetic Resources for Food and Agriculture.
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The Contracting Parties recognize the enormous contribution that the local and indigenous
communities and farmers of all regions of the world, particularly those in the centres of origin and
crop diversity, have made and will continue to make towards the conservation and development of
plant genetic resources which constitute the basis of food and agriculture production throughout the
world.
The Contracting Parties agree that the responsibility for realizing Farmers’ Rights, as they relate to
plant genetic resources for food and agriculture, rests with national governments. In accordance with
their needs and priorities, each Contracting Party should, as appropriate, and subject to its national
legislation, take measures to protect and promote Farmers’ Rights, including:
(a) protection of traditional knowledge relevant to plant genetic resources for food and agriculture;
(b) the right to equitably participate in sharing benefits arising from the utilization of plant genetic
resources for food and agriculture; and
(c) the right to participate in making decisions, at the national level, on matters related to the
conservation and sustainable use of plant genetic resources for food and agriculture.
Source: The International Treaty on Plant Genetic Resources for Food and Agriculture.
Inibap around the world
The push to improve banana
production is seriously under
way. In the recent years efforts
to disseminate improved
varieties have multiplied. In the
following section, INIBAP reports
on projects that are supplying
improved hybrids directly to farmers
throughout the tropics. However, by
increasing production only half the battle is
won. What impact that extra yield has on
livelihoods is the ultimate signal of success.
A number of INIBAP-led projects, namely those
concerning the rehabilitation of production in Bolivia,
on-farm conservation in East Africa and the TARGET
project in countries across tropical Africa, are taking action
to explore avenues for turning banana surplus into incomes
and rural development. These are tentative steps and
dependent on essential input from new partners; however,





International workshop on black leaf streak
Black leaf streak is still top of the agenda in Latin
America. The 2nd International Workshop on
Mycosphaerella leaf spot diseases of bananas
convened more than 60 scientists from both public
and private sectors, representing more than 16
countries worldwide, in Costa Rica, 20-23 May
2002. The organizers were INIBAP, Corporación
Bananera Nacional (CORBANA), Escuela de
Agricultura de la Región Tropical Húmeda
(EARTH) and Centro Agronómico Tropical de
Investigación y Enseñanza (CATIE).
The meeting provided a venue for discussions
of up-to-date research results and allowed
researchers to draw up collective conclusions
and recommendations as to how research should
address still-unanswered questions (see box).
The advances in Musa research, since the
previous international workshop on
Mycosphaerella 13 years ago, have been
significant – especially the activity in genomics
research, international networking and in the
distribution of improved resistant varieties
worldwide. However, unfavourable changes were
also noted. In particular, reported instances
where certain normally disease-resistant
varieties have shown unexpected susceptibility to
black leaf streak suggest a possible erosion in
resistance which requires urgent investigation. In
addition, the presence of BSV in interspecific 
(A x B) hybrids is putting unnecessary constraint
on the production of a new generation of triploid
varieties.
Banana endophytic fungi – a natural 
deterrent to Radopholus similis
The threadlike hyphae of some fungi, associated
with plant roots, can grow very rapidly and, as a
consequence, are capable of trapping and killing
nematodes parasitizing root systems according to
a study carried out for INIBAP by CATIE. Tissue
culture plants of the banana variety, ‘Grande
naine’, were infected with different endophytic
fungal isolates of the genera Fusarium and
Trichoderma, and two weeks later with 500
individuals of the nematode species, Radopholus
similis. All isolates resulted in a reduction of
nematode numbers, with results ranging from 21
to 83% population decreases. The most effective
isolates came from farm soils in Maya,
Guatemala, which are well known for their
suppressive properties to nematode infestations.
The study formed the basis of undergraduate and
Masters theses for two students studying in
Colombia and Germany, respectively.
Microbiological control of black leaf streak
Black leaf streak is the number one constraint to
smallholder banana production in large parts of
Latin America. Measures to control the disease in
industrial plantations usually involve up to 50
applications of fungicide per year, making it one of
the most intensively sprayed agricultural systems.
There are other ways of dealing with the disease.
At CATIE, research through INIBAP funding has
found that common bacteria found in the
environment of banana plantations can have an
inhibitory effect on the growth of Mycosphaerella
fijiensis, the fungal agent of black leaf streak.
CATIE called upon its extensive experience in
plant protection research, to select a number of
bacteria with chitinolytic or glucanolytic activity
that could potentially halt the germination of
spores and development of Mycosphaerella
colonies. From a selection of cultured filtrates
prepared from different bacterial strains,
researchers isolated four which had a promising
effect comparable to a commercial fungicide. Two,
known as GC1 and GBC2, were isolated from
banana leaves on a farm. A third is a white
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• Taxonomic study of Mycosphaerella species
and on related genera that occur in banana
leaf lesions is required for the development of
rapid diagnostic tests for leaf spot pathogens
• Up-to-date geographic distributions of
M. eumusae, M. musicola and M. fijiensis
should be determined.
• Effects of M. eumusae on growth and yield of
banana clones should be researched.
• The need to study host-pathogen
relationships of Mycosphaerella pathogens,
particularly on resistant varieties, is of special
concern.
• Disease dispersal should be investigated to
understand the spread of the pathogen.
Related to this are the studies of
pathogenicity and genetic variability.
• A genomic initiative should be launched to
provide tools for the study of pathogenicity
and host-pathogen interactions.
• Morphological and molecular characterization
of Musa balbisiana is necessary
• Musa textilis and Musa schizocarpa should
be screened for sources of resistance.
• An initiative to bring together experts from
different disciplines to facilitate the
formulation of an integrated pest
management strategy should be envisaged.
chitinolytic bacterium recovered from plantain
leaves and the last, SE/PO2, came from water in
a subterranean well. Interestingly, a concentrated
solution of the conidial fluid of germinating M.
fijiensis spores, when applied to germinating or
developing colonies of the pathogen, also showed
an inhibitory effect. Further research is required
before these biological controls can be applied in
the farmers’ fields. However, some promising
avenues have been opened up.
An organic business in Bolivia
Starting in May 2001, INIBAP launched a project
to rehabilitate banana production in the Alto Beni
region of Bolivia. The Inter-American Drug Abuse
Control Commission of the Organization of the
American States (CICAD/OAS) is funding INIBAP
and the Viceministerio de Desarrollo Alternativo
(VIMDESALT) to lead the initiative as an attempt
to improve banana production and discourage
farmers from migrating to Coca producing zones
or growing Coca illegally themselves.
The project functions through a framework of
around 1000 farmers working within ten producer
associations, which together form the Unión de
Asociaciones de Productores Orgánicos de Alto
Beni, including two business organizations, Bana
Beni SRL and Bana Beni Export. This formalized
collective structure aims to provide farmers with
the leverage to produce and sell organically-
certified bananas of export quality. The individual
associations are made up of 70-100 members and
have their own legal status. A representative from
each makes up the Union’s Board.
Investment is being made into the infrastructure
and production system throughout the project
area. Selected zones are being equipped with
efficient irrigation, cable lines and packing
systems to allow them to produce large amounts
of top quality fruit that will meet organic export
standards. Elsewhere, mobile packing plants and
cable lines are installed at strategic points in the
producing areas. Cultural practices are also being
improved. In 2002, demonstration plots were set
up in seven associations and improved
technologies were introduced to a portion of each
farmer’s plot. By the end of 2002, techniques such
as deleafing, removal of the male flower bud,
bunch deflowering, labelling and bagging had
become regular practise.
Capacity is being built within the associations
not just to produce a crop to improved and organic
standards but to manage a business. Each
association has a dedicated agronomist and
appointed partners, who act as “promoters”. In
2002 the agronomists and promoters all received
training on crop management techniques and
courses on organic certification and organic
fertilizer management were also organized.
The process of organic certification is under way
and explorations have been made into sale
contracts in regional and national markets. Export
is expected to commence in 2003. The produce
from 2002 is already reaching markets in La Paz
Collaboration with the CORBANA
Investigation at CORBANA into the comparative
pathogenicity and behaviour of nematode species,
Helicotylenchus spp., Meloidogyne incognita and
Radopholus similis, is supported by INIBAP and
Vlaamse Vereniging voor
Ontwikkelingsamenwerking en Technische
Bijstand (VVOB). In 2002, the relative banana
yield losses caused by individual species was
researched. This is difficult to measure in situ
because most infestations are polyspecific.
Instead a field experiment was set up, using
drums filled with heat-sterilized soil inoculated with
one of the four main nematode species which
parasitize banana. R. similis caused 66% root
reduction and the infestation resulted in the lowest
fruit bunch weight (17.1 kg). The other nematodes
caused no more than 10% root reduction. This
confirms the status of R. similis as the most
harmful banana nematode.
CORBANA is also hosting the second phase of
development of two diploid segregating
populations. CIRAD provided ‘Calcutta 4’ x ‘Pisang
Lilin’ and ‘Calcutta 4’ x ‘IDN 110’ crosses to study
parthenocarpy. At the end of 2002, 79 and 50 F1
lines, respectively, have been regenerated after
embryo rescue.
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Luis Pocasangre, INIBAP Associate Scientist (centre), with
students Juan Camilo Soto (left) and Alexandra zum Felde (right)
examine the results of the INIBAP funded study at CATIE to find a
natural deterrent to nematodes (L. Pocasangre, INIBAP).
Banana production in Alto Beni, Bolivia,
is being transformed in order for farmers
to be able to supply the organic export


























a course on “Plantain
production using
clean technologies”
for 73 participants in
the Dominican
Republic in August








will be followed by an
international course
on banana and
plantain to profit from
the gathering of
expertise.
Asia and the Pacific
Banking on the future
Improved banana production is inextricably linked
to the management of disease. Yield losses
through pests and diseases are markedly
reduced by using clean disease-free planting
materials at the beginning of the crop cycle. One
of the most effective ways of producing healthy
planting materials is through tissue culture. By
reducing a plant to the tissue surrounding its
growing point or meristem and culturing it,
nematodes, fungi and bacteria are eradicated.
Viruses may still be present but can be screened
out. An added advantage of working with tissue
culture is the potential for rapid multiplication into
a large number of plants. Furthermore plants
derived from tissue culture grow more rapidly, are
quicker to fruit and yield bigger bunches. The
downside is that tissue culture-derived plants,
too, will eventually succumb to disease. Certainly
by the third year, sometimes before, the
advantages of tissue culture-derived plants
become less evident. For this reason the supply
of plantlets must be continuous.
The ITC regularly supplies tissue culture-
derived plantlets from the International Musa
Germplasm Collection, but at the maximum rate
of five samples per accession for each request.
At a local level there is a demand for a
responsive, continuous and ample supply of
clean planting material made available to a wide
public. This requires the capacity in-country to
conserve, multiply and distribute germplasm.
In the Asia and Pacific region, INIBAP and
members of the Banana Asia and Pacific
Network (BAPNET), are building such a
capacity at the national level with the support of
the government of Taiwan (Table 1). Sixteen
institutes in 13 countries have volunteered to
become partners in the scheme and set up
facilities to conserve and distribute banana
planting material. Some are already actively
involved in disseminating banana varieties.
Others have had to start from the beginning. In
2002 plants were provided to the majority of the
institutes involved. In each case, a proportion of
the materials are being put aside for in vitro
conservation. The rest is being multiplied and, in
some cases, planted in the field. The Bureau of
Plant Industries (BPI) in the Philippines is
already distributing plantlets to State
Universities for supplying to local farmers (see
Finding homes for bananas in the Philippines).
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Table 1. Asian and Pacific region institutions which make up the network of national repository centres for 
banana germplasm and their progress in setting up collections for conservation and distribution.
Country Institute Plant materials conserved Plant materials multiplied
or distributed
Bangladesh Bangladesh Agricultural 18 accessions in vitro for 5 plants of each accession 
Research Institute conservation and evaluation in nethouses for multiplication
Cambodia Cambodian Agricultural Plant materials in the process 
Research and Development Institute of being imported
China Guangdong Academy All accessions rooted in vitro To be planted in the nethouse 
of Agricultural Sciences in near future
South China Agricultural 3 plants per accession 2 plants per accession 
University rooted in vitro under proliferation
India National Bureau of Plant Accessions maintained 
Genetic Resources in vitro
National Research Center Accessions being reproduced 
for Banana in the field
Indonesia Central Research Institute Accessions being multiplied
for Horticulturae
Malaysia Malaysian Agricultural Research Plant materials in the process 
and Development Institute of being imported
Papua New Guinea National Agricultural Plant materials in the process 
Research Institute of being imported
Philippines Bureau of Plant Industries Accessions maintained 16 000+ plants in the process 
in a screenhouse; of being distributed 
24 accessions in field genebank
Institute for Plant Breeding Demoplot established
Fiji Secretariat of the Pacific Community Germplasm received
Sri Lanka Horticultural Research and Half the plantlets conserved Half the plantlets being multiplied
Development Institute in vitro and established in the field
Thailand Horticultural Research Institute Plant materials in the process
of being imported
Vietnam Vietnam Agricultural Accessions maintained Accessions under propagation
Science Institute
Taiwan Taiwan Banana Plant materials in the process 
Research Institute of being imported
Finding homes for bananas in the Philippines
The Philippines is the largest exporter in the Asia
and Pacific region and one of the largest banana
producers, third only to India and China. Reported
yields are, however, not reaching their full
potential. According to the FAO agricultural
database, FAOSTAT, yields in 2002 in the
Philippines were half those obtained in India. The
explanation does not lie so much in agricultural
techniques. The production in both countries is
predominantly managed by small-scale producers.
However, in the Philippines many of the traditional
areas of production have been plagued by
Fusarium wilt and viral diseases, such as BBTV.
There is a strong demand for disease-resistant
varieties.
INIBAP is collaborating with various new
partners to distribute improved varieties. The
government of the Philippines is providing
financial support. One channel being exploited is
that of the State Universities. Five universities –
Cavite State University, Virlanie Foundation,
Quirino State College, Don Mariano Marcos
Memorial State University and Ilocos Sur
Polytechnic State College – each have planted
demonstration plots where the performance of
improved and local varieties are directly
comparable. Farmers receive planting material
freely and in areas where the influence of
diseases has been substantial, the initiative is
focussing also on extension and transfer of
production technologies. The recipients of the
germplasm are participating in the evaluation of
the new varieties in their fields, and their
performance under local conditions and diseases
is under scrutiny.
Exploring another avenue for the dissemination
of healthy planting material, INIBAP is working
with Rotary Clubs in the Philippines. Eight different
branches of the Rotary Club are providing popular
local cultivars and improved varieties to
households in both rural and city areas. There is a
particular focus on low income homes, which
regulary experience periods of food scarcity.
Both initiatives were launched in the course of
2002. Plants of the varieties FHIA-03, FHIA-18,
FHIA-21, FHIA-23 and FHIA-25, as well as local
varieties ‘Bungulan’, ‘Lacatan’ and ‘Cardaba’, are
being distributed. Around 40 000 banana plants
are expected to have found a home by the end 
of 2003.
Developing the capacity to produce healthy
planting material
Bananas are Taiwan’s biggest-selling fruit export
crop. However, the industry has survived some
difficult periods during which disease caused
significant yield losses and new exporters
captured part of their main market in Japan. The
country has developed a unique expertise in
banana improvement and research in the Taiwan
Banana Research Institute (TBRI), which has
responded rapidly to these challenges.
The Council of Agriculture in Taiwan provided
support in 2002, through the Food and Fertilizer
Technology Center (FFTC) for the Asian Pacific
Region, to disseminate some of this expertise in
training courses. A five-day course on tissue
culture techniques ran in December at the TBRI in
Pingtung, Taiwan, for 11 participants from eight of
the NARS which are developing repository,
multiplication and distribution centres (see
Banking on the future). It was followed by a course
on virus indexing and management of healthy
germplasm, hosted by the National Taiwan
University (NTU) in Taipei.
Public-private partnership
Lapanday Agricultural and Development
Corporation is a private food export business
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Villagers receive
improved and popular
local banana varieties 
in an initiative to
disseminate as widely
as possible disease-

















based in Davao, the Philippines. The company first
became involved in public sector work when it
decided to host an evaluation site for phase III of
IMTP. This involved the planting of the company’s
research farm with varieties for in-depth study and
evaluation of their performance under the
influence of Mycosphaerella leaf spot diseases
and nematodes.
The collaboration proved successful. Lapanday
has a well-resourced site and trained staff, which
provide the capacity to carry out in-depth studies
very effectively. IMTP offers participation in a
worldwide trial of improved varieties and
communication with IMTP participants in other
parts of the world. In addition, INIBAP and
Lapanday have learned of other areas where they
might mutually gain. The latter has a well-
equipped tissue culture laboratory. Farmers in the
Philippines have an urgent need for improved
germplasm. INIBAP is now able to have access to
cost-price clean planting material derived from
tissue culture for distribution wherever it is needed
within the Philippines, and Lapanday has a
destination for its excess production. Furthermore
the company has hosted a training course in
tissue culture and nursery management and has




Aiming high in Africa
IPGRI and IITA have joined forces to improve
the food and income security of small-scale
farmers in selected countries in Sub-Saharan
Africa. The two-year project is funded by the
Technology Access Fund of the Technology
Applications for Rural Growth and Economic
Transformation (TARGET) Programme of the
United States Agency for International
Development (USAID).
Cameroon, Ghana, Mozambique and
Tanzania have been chosen as target
countries. The project was introduced widely to
communities in the four countries and 500
smallholder farmers from each were selected
as participants. They will receive planting
material of improved varieties (CRBP-39,
FHIA-17, FHIA-21, FHIA-23, FHIA-25, BITA-3
and SH-3640) ready for planting during the wet
season in 2003. A total of 64 000 plants in all
are being made available.
The intention of the project is to build the
capability in each country to produce and
disseminate clean planting material to farmers
indefinitely. Those receiving germplasm now
will be obliged to pass on at least one sucker
to other farmers, once the plants are
successfully established.
The project depends on close partnerships
between NARS, community based
organizations (CBOs) and non-governmental
organizations (NGOs) and has a strong focus
on community development and strengthening
the capacity to react effectively to changes in
the economic and ecological environment. In
2003 opportunities will be provided for farmers,
NGOs and CBOs to develop their income-
generating skills using bananas and their
banana-based products.
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BAPNET
Network News!
Priority programmes for the next three years
are:
1 sustainable crop management,
2 information exchange and management,
3 genetic diversity management, development
and utilization,
4 human resource development,
5 supply chain management,
6 extension.
Two new members have joined the network: Cambodia and Papua New
Guinea.
BAPNET has a new logo: the leaf overarching the map of the members of
the network represents R&D and the word, bapnet, completes the circle,
signifying the strengthening nature of networking. Yellow, the colour of
light, suggests hope and green symbolizes growth and sustainability (they
also happen to be the colour of banana fruit and leaves!).
The aims of 
the TARGET project 
are to improve food and income
security in Sub-Saharan Africa.
The specific objectives are to:
• provide improved banana and plantain
hybrids to farmers in four countries;
• train farmers in improved production and
marketing techniques for banana and
plantain;
• put a system in place to ensure the
continued supply of improved hybrids to
farmers within and outside the initial project
sites;
• put in place strategies for increasing rural
income through community-level activities
focussing on the marketing of bananas and
plantains and their products
Eastern and Southern
Africa
Putting banana on the map
The banana baseline information project,
conceived by members of the Banana Research
Network for Eastern and Southern Africa
(BARNESA) and funded by the Rockefeller
foundation is helping to paint a picture of the
banana production in Eastern Africa. The data are
being gathered into a database and used to
generate Geographic Information Systems (GIS)
maps (Figure 2), both aimed as tools for planning
research and development.
If you don’t use it, lose it
The Great Lakes region of Eastern Africa is a
heartland of banana growing and use. Levels of
production and of consumption here are amongst
the highest anywhere in the world. An estimated
90% of the production is made up of East African
highland banana (EAHB) varieties, which are
endemic to the region and produced mainly for
cooking in daily meals or for fermenting and
brewing into a nutritious beer. The history of
banana growing in this region runs deep, and
the interaction between the farmer and his or her
banana crop over many centuries has resulted
in a rich diversity of varieties (more than
80 estimated of EAHB) and of uses. In the past
20 years this diversity has notably declined as
pressures on the land have mounted and
extension messages have focussed on
commercialization.
Communities will conserve Musa diversity if they
have a use for it. That is the foundation which
underpins an INIBAP-coordinated project on the
on-farm conservation of Musa diversity. After
three years the project has achieved more than
expected and the participating farmers and
partners have requested an extension to the
activities. The donor, International Development
Research Centre (IDRC) of Canada, has decided
to invest in a second three-year phase. INIBAP’s
partners, NARO and Makerere University in
Uganda, and the ARDI in Tanzania, and several
NGOs and CBOs in both countries, are working
within four sites in Tanzania and Uganda to aid
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Highlights from IITA
Research on banana and plantain at IITA focuses on genetic improvement and
the enhancement of NARS capacity for research and development. Here we
highlight only some of the activities based in Africa.
More than 20 000 households in Nigeria are benefiting from a USAID-funded project to mass propagate and
distribute seedlings of improved hybrids. Ten IITA-bred hybrids (BITA-3, BITA-7, PITA-14, PITA-17, PITA-21,
PITA-22, PITA-23, PITA-24, PITA-25, PITA-26) and seven other varieties (FHIA-17, FHIA-18, FHIA-20, FHIA-
21, FHIA-23, FHIA-25 and CRBP-39) are being made available. Six propagation centres are established in
key locations to ensure a continuous supply of planting material.
Other countries in West Africa are also receiving improved germplasm, including Cameroon and Côte d’Ivoire,
and in Ghana a project to dissminate improved varieties, funded by the Gatsby Charitable Foundation (GCF),
is entering its sixth year. Multiplication plots with BITA-2, BITA-3, PITA-2, PITA-5, PITA-11, PITA-13 and FHIA-
21 are established and plants are being provided to farmers throughout much of the plantain-producing region
where the TARGET project (see Aiming high in Africa) is not in operation.
In Uganda, five IITA-bred hybrids (BITA-2, BITA-3, PITA-8, PITA-14 and PITA-17) are being made available to
farmers. Further south in the Kagera region of Tanzania, the largest-scale effort to disseminate improved
varieties is completed. BITA-2 and BITA-3 were among the one million seedlings that were distributed to
farmers by the Kagera Community Development Project, as part of a DGIC-funded project.
IITA’s breeding program is one of just five in the world. Currently seven high-yielding diploid hybrids with
resistance to black leaf streak and nematodes were selected for use in recurrent diploid breeding and 4x-2x
crosses. They are virus-indexed and available for international distribution. A further three diploid hybrids are
in preparation.
A pool of seven secondary triploid hybrids (PITA-21, PITA-22, PITA-23, PITA-24, PITA-25, PITA-26 and 
BITA-7) with excellent agronomic and fruit-processing characteristics were selected and virus-indexed.
They are being distributed to farmers in Nigeria. Two further promising triploid hybrids have been obtained.
Resistant progenies identified from crosses between ‘Enzirabahima’ and ‘Calcutta 4’ are improving the
prospects for breeding nematode-resistant East African highland banana. Finally, pyramiding genes for
resistance to black leaf streak in 2x background is being attempted with selection and field-establishment 
for clonal evaluation of four multiple-parentage populations.
For more details of IITA’s banana research contact a.tenkouano@cgiar.org
communities to conserve and increase banana
diversity.
The project, first initiated in May 1999, originally
focussed on data gathering and strategy
development for reversing the current trends of
genetic erosion. Using surveys, focus groups and
rapid rural appraisal methods, information from
150 households and 30 communities has been
gathered on the existing diversity, the
socioeconomic factors involved in the conservation
and management of Musa cultivars, and their
ethnobotanical characteristics.
The focus on participatory approaches has led
to more action at the community level than had
been anticipated. The involvement of community
members was planned from the outset through
their participation in site coordinating committees.
Once lines of communication were working and
farmers learnt of the comparative levels of
diversity at different households and different
sites, the interest in the project mounted. Farmer
exchange visits across the borders of Tanzania
and Uganda stimulated the adoption of new or
‘lost’ varieties and new technologies for their use
and management. Soil improvement and crop
management skills were broadened through
training. CBOs and NGOs were actively involved,
too, and contributed in unexpected ways.
For instance, a USAID-funded NGO, called
ECOTRUST, provided one site with cows in order
to help improve soil fertility. Their example has
been followed in other sites.
A strong community mobilization to support
banana use and conservation has grown up in all
four sites, and the farmers have formed their own
grass roots organizations. Most striking is the
example of the farmers in Bushenyi whose
initiative has bolted from being a group of
30 farmers to a subscription-paying association of
more than 300 people, the Bushenyi Banana and
Plantain Farmers’ Association (BUBAPFA).
The second phase of the project begins in 2003.
INIBAP has learnt some valuable lessons on
participatory research and broadening
partnerships, which will be broadly applicable in
many other situations.
Farmer participatory testing 
of IPM options
Goals aimed at improving productivity in Africa
cannot ignore the need to address the health of
the soil. Certainly this applies to initiatives to
control pests and diseases. Integrated pest
management (IPM) embraces the idea that the
causes of pests and diseases are multiple and
broad-ranging; soil fertility features strongly.
INIBAP with NARO, ARDI, KARI, the
International Centre of Insect Physiology and
Ecology (ICIPE) and IITA are implementing a
three-year project on IPM in Kenya, Tanzania
and Uganda. The project is funded by DFID and
shares the participative approach of the INIBAP-
coordinated project on on-farm conservation of
Musa diversity (described under If you don’t use
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Some outcomes of the
on-farm conservation
project
• Community associations are established as
a forum for banana farming issues and to
provide a ‘voice’ for the community
• Banana diversity increased by at least
3 cultivars per household
• Productivity has increased as a result of
improved crop management
• New marketing and utilization strategies
adopted between communities have
encouraged the conservation of previously
non-commercial green cooking bananas
• Farmer field schools originally set up to
demonstrate techniques for genetic erosion
management now being used to teach good
management practices by district extension
services.














of production in East
Africa. Data supplied
by IRAZ, KARI, ARTS,
ISAR, ARDI, NARO.




has risen steeply in
the past three years.
it, lose it). The two projects
share the same sites in
Uganda and Tanzania and
have benefited from several
complementary activities.
Both are receiving strong
community support from
the initiation of farmer
associations.
The IPM project is
expanding the use of
existing or new techniques involving cultural
control practices aimed at weevils and
nematodes, the improvement of soil fertility and
the introduction of improved varieties (see
Annual Report 2001, pp.45, for the options
under investigation). At present, the on-farm
trials are planted and data collection is under
way. In 2002, in a departure from the project’s
planned activities, a small number of cows were
bought for each of the project sites in Kenya and
Tanzania as a response to farmers’ requests for
assistance in increasing soil fertility. Also,
Kenyan farmers and extension officers were
hosted by their Ugandan counterparts in an
exchange visit. The former benefited from the
Ugandans’ more intensive experience of banana
cultivation, processing and marketing. As a
result of the interest engendered  by the trip, the
following Kenyan stakeholder meeting held in
Bungoma, Kenya, was attended by more than
320 people, nearly 300 more than the meeting
in 2001.
A large part of the data collection will be
finished by the end of 2003 and the results
obtained are expected to feature widely in the
future planning of East African projects.
West and Central Africa
Healthy suckers have healthy 
mothers
Most farmers in West and Central Africa can
describe the damage caused by a banana weevil.
In a survey of 200 small-scale farmers in
Cameroon, 82% were aware of the problem. By
contrast only 16% had a notion that a nematode
might cause damage too. Many of the symptoms
of nematode infestations, such as weakened
plants easily blown down by the wind, are
mistakenly attributed to weevils, ants or strong
winds. However, all the farms visited were infested
with nematodes, which can potentially cause
yields losses of up to 60%.
Beating these pests, in particular the banana
lesion nematode, Pratylenchus goodeyi, is the
objective of a nematode study that has been set
up in the West and North West provinces of
Cameroon in a collaboration between INIBAP, IITA
and Centre Africain de recherches sur bananiers
et plantains (CARBAP). Thanks to continuing
investment by VVOB, INIBAP has been able to
post an associate scientist to the region, who is
spending equal periods of time based at IITA and
CARBAP research sites.
One of the first exercises is to assess the levels
of nematode damage. In 2002, a total of 200
interviews were carried out by a research team
including crop protection technicians of the
National Agricultural Extension and Research
Programme (NAERP), to investigate pest




The main source of information on banana
diversity and the management of the crop in East
Africa is passed down from parents and relatives
to children. Through its unusually broadened
investigative approach, the on-farm conservation
project revealed some less-well-known elements
of indigenous knowledge relating to patterns of
planting, use of particular cultivars in the
household garden and cultural practices. There is
also a wealth of knowledge about soil types and
their suitability for growing different cultivars
under different environmental pressures. In fact,
there are a number of plants and fungi which are
used as indicators of the status of the soil:
Commelina africana, Galinsoga parviflora and
Volvariella species are present in fertile soils;
Digitaria velutina and Bidens pilosa indicate a
deterioration of soil quality.
Up to 37 banana
varieties have been
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The preliminary findings show that the plantain
is considered to be a primary crop, second in
perceived importance only to maize (30% farmers
ranked it as their No.1 priority as compared with
40% for maize). Usually under the responsibility of
the male householder, the crop is grown in mixed
cropping systems in combination with one or more
of 39 different associate crops. There is a keen
knowledge about the health of plantain plants and
suckers, and over half of the interviewees treated
their suckers in some way before planting. “A
healthy sucker will prevent you from contaminating
your field” is the shared view of many of the
farmers.
As part of the current project IITA, CARBAP and
INIBAP are carrying out field trials to evaluate
levels of nematodes in the soil and potential yield
loss. The effects of fallow period and treatment of
suckers on root health are also being investigated.
Up until now, much of the attention and extension
message has been focussed on weevils. More
than 50% of the farmers questioned named their
biggest constraint to plantain production as
weevils and the susceptibility of weakened plants
to wind damage. The needs for plantain
technology transfer are evident. Simple exercises
such as treating suckers with hot water could
significantly reduce the damage caused by
nematodes and increase yields significantly.
Plantains in the city
Plantains form part of a system of security, which
the household dips into frequently either for food
or for a bit of money. The idea of being cost
effective or even profitable is rarely an option. The
introduction of improved varieties together with
improved crop husbandry has the potential to
release farmers from the constraints of low yields.
Where demanding urban markets are accessible,
this could help provide a ready source of extra
income.
One hundred and twenty farmers are
participating in an INIBAP-led initiative aiming to
boost urban and peri-urban banana production in
Benin and Ghana. Funds from the French
Government are supporting the project, which
began in 1999 in collaboration with CARBAP and
national partners, the Crops Research Institute
(CRI) and Ministry of Food and Agriculture in
Ghana and the Institut national de recherche
agricole du Bénin (INRAB) and Centre d’action
régionale pour le développement (CARDER) in
Benin.
Four improved varieties (CRBP 39, FHIA-18,
FHIA-23 and FHIA-25) are being grown in farmers’
fields in the vicinity of Cotonou in Benin, and
Kumasi and Sekondi-Takoradi in Ghana. The
planting material is derived from tissue culture.
From the laboratory, the plantlets are hardened in
on-site nurseries and distributed to farmers. Once
the plants have fruited, their performance will be
evaluated by teams made up of farmers, extension
workers and researchers. The opinions of
consumers will also be sought through ‘taste
panels’.
Plantain production in both countries is
dominated by highly marketable cultivars, ‘Aloga’ in
Benin and ‘Apantu pa’ in Ghana. However, a survey
of 237 households in peri-urban areas has revealed
that plantain cultivars are produced in family-
managed plots which receive very few inputs.
Nearly half of the respondents used no kind of
fertilizer at all (Figure 3). These farmers rarely
supply urban markets but keep 10-20% of the
production themselves; the rest they sell at the farm
gate or local markets. In Benin, the urban markets
are supplied by a small number of relatively large,
more intensively managed farms, which depend on
contracts with retailers and wholesalers in the city.
Demand frequently exceeds supply.
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“A healthy sucker will
prevent you from
contaminating your
field” is the shared view






• Working groups within the MUSACO network
are to be set up on specific research priorities.
In 2002, three groups were formed on:
(1) Rapid multiplication of clean planting
materials, (2) Profitable plantain production
systems, and (3) Farmer participatory
research.
• MUSACO members are seeking funds to
equip all national programmes with internet
access to enable them to communicate more
easily.
• MUSACO has sought assistance from INIBAP,
CARBAP and IITA to organize training
courses on germplasm evaluation and
participatory research methodologies.
• A survey to determine the prevalence and
identity of banana nematode species in all
MUSACO member countries is to be planned.
Poor agricultural practice is a major constraint to
increasing levels of production. Farmers also
highlighted the need for increased availability of
high-quality planting materials. In response, the
project has provided training to extension agents
in both countries on production technologies and
rapid sucker multiplication. Selected farmers, too,
are participating in trials of novel and adapted
endogenous production techniques. To address
the problem of pests and diseases, all of the
introduced improved varieties are resistant to
black leaf streak and FHIA-23 also shows
resistance to race 1 of Fusarium wilt.
Helping politicians base decisions on accurate
information
The results of a recent survey of West and Central
African nations are now available in a database
designed to inform decision-makers. The
information was collected from secondary sources
by members of the Musa Research Network for
West and Central Africa (MUSACO) through
funding from the African Development Bank
(AFDB) and analysed by an FAO-seconded
scientist based at the INIBAP office in Douala. So
far, the dataset covers about 60% of the region’s
production, including country reports from Gabon,
Cameroon, Côte d’Ivoire, Ghana and Nigeria.
After cassava, plantain is the second staple food
crop in most countries of the region. The report
indicates that plantain production has shown
gradual increases during the course of the past
decade in the main producing countries such as
Cameroon, Côte d’Ivoire, Ghana and Nigeria.
However, while trials conducted on research
stations have shown that yields of 30 tonnes/ha
are possible, average production figures in
farmers’ fields across the region lie somewhere
around 5.5 tonnes/ha. Pre-harvest losses, falling
fertility and failure of the farmers to use disease
control measures are cited as the main causes for
the discrepancy.
Furthermore, there are clear indications that the
markets are by no means fully exploited. Con-
sumption is generally greater in the cities than in
rural areas, and prices are high relative to other
starchy food crops. In Cameroon, plantains were
the second greatest household expense after rice.
The market prices fluctuate radically (Figure 4),
varying with the seasonal supplies. From day to
day, the prices can almost double when supply is
short.
The major constraints to better yields, according
to the surveyed researchers and producers, are
lack of clean planting material, pests and diseases
(black leaf streak disease, nematodes and
weevils), poor soil fertility, water shortages, labour
shortages, post-harvest and marketing limitations,
as well as under-funded research.
Information on the contribution of the crop to
household incomes and the status of food security
is lacking. Existing data suggest that plantain
plays a significant role in feeding urban and rural
populations. Annual consumption ranges from
70 kg/inhabitant/year in Côte d’Ivoire to
236 kg/inhabitant/year in Gabon. The potential for
improving productivity and bringing down market
prices should provide a convincing case for
politicians to address the poor performance of
the crop.
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Figure 3. The
percentage of farmers






Left: There is an
underexploited market
for plantains in urban
areas in West Africa 
(E. Akyeampong,
INIBAP).
Right: ‘Apantu pa’ is the
most popular plantain
on the market in Ghana
(R. Swennen,
KULeuven).
Musa information and communication
Interest in the banana is mounting if public requests,
visits to the web site and increasing collaborations are
anything to go by.  The need for accurate and
insightful information is evident.  The launching of a
boundary-moving study to assess the impact of
improved banana on livelihoods in East Africa (see
Questioning impact p.28) will not only
provide lessons to be learnt at an
institutional level, but will also supply
much-demanded information on why
bananas are important and why such a
network as INIBAP exists.  Seeing is
believing, and this project provides the
eyes through which we will be able to




The changing face 
of the Web
Regular visitors to the INIBAP web pages will
have noticed the trilingual site has changed its
face. The pages continue growing too. A total of
467 pages and 382 illustrations are accessible to
external visitors. Linkages with partners’ sites
have increased and with them the number of
visitors. In 2002, 265 visits per day were made to
the web site. That’s nearly 100 000 over the
course of the year!  The databases are the target
for a third of visits made. The pages on
PROMUSA and the Global Musa Genomics
Consortium are multiplying and visitors will find it
considerably easier to locate useful information on
expertise in the working groups and the latest
scientific papers.
For research in rapid advance, such as
genomics, the website is essential as a tool to
keep Consortium members and the public in touch
with recent developments. The INIBAP site as a
whole is working more actively to be a purveyor of
news and events to Musa researchers as well as
to the media and interested public. Pages for up-
to-the-minute news have been created for each of
the banana-producing regions and more news and
information pages are to come in 2003. Watch
this space!
Banana bibliography
During 2002, the MUSALIT database was
expanded to include a further 600 records, 28% of
which focussed on postharvest issues, an area
previously considered underrepresented 
(Figure 1). Those requesting papers may now be
supplied with an electronic version of the entire
paper for around 20% of the 7100 bibliographic
records contained in the database. This includes
users of the MUSADOC CD-Rom and the web site
who can now access desired INIBAP-published
articles simply by clicking on the link given in the
MUSALIT database. Numbers of requesters are
not going down. INIBAP dealt with around three
enquiries a day, asking for publications on the
banana.
Publications
In 2002, the proceedings of the July 2001 meeting
of the Global Musa Genomics Consortium were
published, as well as Technical Guidelines No. 6
dealing with the Global evaluation of Musa
germplasm for resistance to Fusarium wilt,
Mycosphaerella leaf spot diseases and
nematodes. The PROMUSA centre pages of
INIBAP’s banana research journal INFOMUSA,
have expanded to such an extent that they have
evolved to become a publication in their own right.
One final paper version of the PROMUSA bulletin
was published in the middle of 2002. Subsequent
versions will only be made available in electronic
form. This latest evolutionary step of INFOMUSA
has instigated a thorough review of the journal’s
content and appearance, and copies in 2003 are
due to look somewhat different. From 2003
onwards, INIBAP news will be broadcast through
other means and an editorial page will give the




Plans to develop a sub-Saharan network for
improving the use, dissemination and exchange of
information on banana and plantain were given a
sorely-needed boost in 2002. A regional
information officer has been recruited and joined
the INIBAP office in Cameroon. The aims of the
new position are to build up a network of
information managers across Sub-Saharan Africa
and to develop new and improved information
resources. Already a bibliographic contribution
from the region is included in MUSALIT and a
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Figure 1. The evolution
of the contents of
MUSALIT, the banana
bibliographic database.
project to re-organize the bibliographic resources
of one of the network members, CARBAP, is
under way.
Going public about 
the split
Struck by Canadian shoppers’ complacency about
informing themselves on the origins of their
favourite foods, husband and wife team, Ron
Harpelle and Kelly Saxberg have produced a
continent-hopping film on bananas. The ignorance
about the banana and where it comes from is
worldwide. However, the story of the banana
travelling thousands of miles, in the space of three
weeks, from the tropics to be sold as a “loss
leader” in supermarkets in the subzero
temperatures of a North American winter is
particularly remarkable. Their story is called
“Banana Split”, and provides fascinating
juxtapositions of Canadian shoppers in snow and
workers in plantations in tropical Honduras. There
is old footage of banana boats loaded by
hundreds of stevedores with banana jingles and
songs. Most poignant is the story of the retired
workers of a ghost banana town, scraping an
existence off poor pensions and fish caught off the
dilapidated quayside built in a bygone era of
banana boom. INIBAP provided scientific input to
the making of the film and Emile Frison is featured
as the scientific authority. The production was
supported by the IDRC and Canadian
International Development Agency (CIDA), and is
presently touring around North America and
Europe through film festivals and public showings.
An educational brochure to complement the film is
also planned for publication in 2003.
Banana life through 
the eyes of John Dyer
John Dyer, the UK artist much
publicized through his work
with gardener Alan
Titchmarsh and the Eden
Project, travelled to Costa
Rica especially for INIBAP to
paint the front cover of this
year’s annual report “Jungle
bananas”. John Dyer is well
known for his exuberant and
optimistic paintings that lift
the human spirit and explode
with colour and life. His
portrayal of traditional banana
agriculture in Costa Rica is
richly illustrative of the animal
life that shares the space with
growing crops. The Latin American insect fauna
evidently made a big impression!  
John Dyer’s work has made him one of the UK’s
most popular artists and is published world wide.
As “painter in residence” at the Eden Project, with
whom INIBAP works closely, John will hopefully
be involved in future projects on banana.
Prince Laurent spends 
an evening with banana
scientists
Leuven hosted a major meeting on banana
improvement. The International symposium on
cellular and molecular biology and its flotilla of
subsequent meetings of PROMUSA groups,
mobilized over 100 of the world’s leading banana
experts. Also at the assembly was Prince
Laurent, the youngest son of King Albert II of
Belgium. The Prince is a Future Harvest
Ambassador and strong advocate of sustainable
agriculture. During the meeting he had the
opportunity to hold discussions with a select group
of scientists on the needs of banana research and
improvement, particularly in Africa. His evening
with the group included a tour of the world’s
largest collection of banana, managed by INIBAP
at KULeuven.
49
INIBAP Annual Report 2002
INIBAP assisted in the
production of “Banana
split”, a film to inform
the Canadian and wider
public where their
bananas come from 
(K. Saxberg,
Shebandowan Films).
John Dyer travelled 
to Costa Rica to paint
bananas and plantain
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Arinaitwe G., S. Remy, H. Strosse, R. Swennen and L. Sági
Agrobacterium- and particle bombardment transformation of a
wide range of banana. Presentation made at the reporting
workshop of the project entitled “Conservation through
utilisation of banana and plantain in the Great Lakes region of
East Africa”. Kampala, Uganda, 22-26 July 2002
Belalcázar C. S. Producción de plátano con tecnologías limpias.
Presentation made at the Curso Asociación Productores
Cultivos Orgánicos. Turrialba, Costa Rica. 25 May 2002.
Belalcázar C. S. Producción de plátano en el trópico
latinoamericano. Presentation made at the Seminario
internacional sobre tecnología de producción de Banano y
Plátano en el Perú. Huaral, Peru. 10-13 June 2002.
Belalcázar C. S. Siembra y manejo de altas densidades de
siembra en el cultivo del plátano. Paper presented at the 15th
ACORBAT Meeting. Cartagena de Indias, Colombia, 27 October
-2 November 2002.
Belalcázar C. S. Presentations made at the Curso regional sobre
producción de plátano para el mercado interno y externo. La
Lima, Honduras, 16-19 July 2002:
• Botánica, ecofisiología, morfología y ciclo vegetativo de la
planta de plátano
• Selección de semilla, tamaño y tratamiento
• Tecnología utilizada para la multiplicación rápida de cormos
• Sistemas de siembra y uso de altas densidades
• Manejo agronómico: deshije, deshoje y desmane
• Nutrición y fertilización en el cultivo del plátano.
Belalcázar C. S. Presentations made at the meeting “Siembra y
explotación rentable del cultivo del plátano”. Ibagué, Colombia.
29-31 July 2002:
• Importancia social y económica del cultivo del plátano
• Ecofisiología y ciclo vegetativo de la planta de plátano
• Semilla: producción y tratamiento
• Nutrición y fertilización del cultivo del plátano
• Sistemas de siembra y uso de altas densidades de población
• Plagas y enfermedades de importancia económica.
Belalcázar C. S. Presentations made at the Curso internacional
sobre producción de plátano con tecnologías limpias. Santo
Domingo, República Dominicana, 12-14 August 2002:
• Importancia socio-económica del cultivo del plátano
• Cultivares de plátano: tradicionales y mejorados
• Dinámica de los elementos nutritivos en los órganos de la
planta y necesidades nutricionales del cultivo
• Semilla: preparación, clasificación y tratamiento
• Efecto del tamaño de la semilla en la producción
• Siembra: Ahoyado, profundidad, orientación y época
• Sistemas de siembra y densidades de población
• Manejo de altas densidades de siembra.
Belalcázar C. S. Presentations made at the meeting “Producción
de plátano con tecnologías limpias”. Sapecho, Alto Beni,
Bolivia, 18-22 November 2002:
• Importancia y manejo de cultivares tradicionales y mejorados
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• Morfología y ciclo vegetativo de la planta de plátano
• Selección y preparación del suelo
• Semilla: métodos de producción, clasificación por tamaño,
selección y tratamiento y efecto del tamaño en la producción
Sistemas de siembra y densidades de población
• Manejo de altas densidades de siembra
• Nutrición y fertilización del cultivo del plátano, con énfasis en
el aspecto orgánico
• Importancia y manejo de los picudos del plátano
• Importancia y manejo de la Sigatoka negra.
Belalcázar C. S. Presentations made at the Curso internacional
sobre producción de plátano con tecnologías limpias.
Comercialización e industrialización. Guayaquil, Ecuador, 
3-6 December 2002:
• Cultivares de plátano: tradicionales y mejorados
• Mecanizado y labranza mínima para la siembra del cultivo del
plátano
• Ciclo vegetativo y morfología de la planta de plátano
• Propagación in vitro y métodos para acelerar el crecimiento de
las yemas
• Preparación, tratamiento y clasificación de la semilla
• Tamaño de la semilla y su efecto en la producción
• Siembra: Ahoyado, profundidad, orientación y época de
siembra
• Tecnología para la siembra y manejo de altas densidades de
población: siembras escalonadas, tamaño de la semilla y
época de siembra
• Dinámica de los elementos nutritivos en los órganos de la
planta y necesidades nutricionales del cultivo
• Pérdidas ocasionadas por virus: CMV y BSV.
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reporting workshop of the project entitled “Conservation through
utilisation of banana and plantain in the Great Lakes region of
East Africa”. Kampala, Uganda, 22-26 July 2002
Frison E. and S. Sharrock. The power of networking in agricultural
research: The example of banana and plantain. Presentation
made at the Annual Symposium of Department of Agriculture,
Sri Lanka, September 2002.
Frison E. and R. Ortiz. Future Harvest programme in Africa:
Progress report 2001-2002. Presentation made at the AGM
2002. Los Baños, Philippines, 31 October 2002.
Frison E. Global Musa Genomics Consortium. Presentation made
at the AGM 2002. Los Baños, Philippines, 31 October
2002.Frison E. INIBAP activities in Africa. Presentation made at
the AGM 2002. Los Baños, Philippines, 31 October 2002.
Gallez A., G. T. Runyoro, I. Van Den Houwe, O. Machiels and
R. Swennen. Impact of superior banana varieties on food
security and income of small-scale farmers in the Kagera region
of Tanzania. Paper presented at the African Evaluation
Association Conference. Nairobi, Kenya, 10-14 June 2002.
Guinard O., E. Arnaud and S. Sharrock. Preliminary data analysis
of Musa diversity using the DIVA-GIS software. Presentation
made at the 1st BAPNET Steering Committee meeting. Los
Baños, Philippines, 7-10 October 2002.
Jenny C., K. Tomekpé, F. Bakry and J.V. Escalant. Conventional
breeding of bananas. Paper presented at the 2nd International
workshop on Mycosphaerella leaf spot diseases of bananas.
San José, Costa Rica, 20-23 May 2002.
Karamura D. and B. Mgenzi. On-farm conservation of Musa
biodiversity in the Great Lakes region of East Africa.
Presentation made at the reporting workshop of the project
entitled “Conservation through utilisation of banana and plantain
in the Great Lakes region of East Africa”. Kampala, Uganda, 
22-26 July 2002.
Karamura D., B. Mgenzi, E.B. Karamura and S. Sharrock.
Exploiting indigenous knowledge for the management and
maintenance of Musa biodiversity on farm. Presentation made
at the reporting workshop of the project entitled “Conservation
through utilisation of banana and plantain in the Great Lakes
region of East Africa”. Kampala, Uganda, 22-26 July 2002.
Karamura D., E. De Langhe and A. Mbwana.Preliminary studies on
the East African bananas growing in the Kilimanjaro and
Usambara mountain ranges of Tanzania. Presentation made at
the reporting workshop of the project entitled “Conservation
through utilisation of banana and plantain in the Great Lakes
region of East Africa”. Kampala, Uganda, 22-26 July 2002.
Lepoivre P., J.P. Busogoro, J.J. Etame, A. El Hadrami, J. Carlier,
G. Harelimana, X. Mourichon, B. Panis, A. Stella Riveros, 
G. Sallé, H. Strosse and R. Swennen. Banana–Mycosphaerella
fijiensis interactions. Paper presented at the 2nd International
workshop on Mycosphaerella leaf spot diseases of bananas.
San José, Costa Rica, 20-23 May 2002.
Molina A.B. INIBAP and the Asia Pacific banana research network:
Its role in banana development. Paper presented during the 4th
annual scientific meeting and symposium of the Mycological
Society of the Philippines, 12 April 2002.
Molina A.B. and E. Fabregar. Management of black leaf streak
disease in tropical Asia. Paper presented at the 2nd International
workshop on Mycosphaerella leaf spot diseases of bananas.
San José, Costa Rica, 20-23 May 2002.
Molina A.B. The banana Asia Pacific network: A platform for Musa
R&D collaboration. Presentation made during the 3rd National
Banana R&D Seminar in Malaysia, 29-30 August 2002,
Malaysia.
Molina A.B. INIBAP and the Asia Pacific banana research network:
addressing the need of R&D. Presentation made during the
Global Conference on Banana and Plantain, 28-31 October
2002, Bangalore, India.
Molina, A.B. The INIBAP International Musa Testing Programme
(IMTP): Its importance in Asia. Presentation made during the
Global Conference on Banana and Plantain, 28-31 October
2002, Bangalore, India.
Molina A.B. Tissue culture in the banana industry. Presentation
made during the International training course of biotechnology
for seed and seedling production, 2-6 December 2002, Los
Baños, Philippines.
Molina A.B. and C. Kudagamage. The International Network for the
Improvement of Banana and Plantain (INIBAP): PGR activities
in South Asia. Presentation made during the South Asia
Network on Plant Genetic Resources (SANPGR) meeting, 
9-11 December 2002, Peradeniya, Sri Lanka.
Roux N., A. Toloza, J.P. Busogoro, B. Panis, H. Strosse, P.
Lepoivre, R. Swennen and F. J. Zapata-Arias. Mutagenesis and
somaclonal variation to develop new resistance to
Mycosphaerella leaf spot diseases. Paper presented at the 
2nd International workshop on Mycosphaerella leaf spot
diseases of bananas. San José, Costa Rica, 20-23 May 2002.
Sharrock S. and E. Frison. Musa biodiversity in smallholder
systems - prospects and challenges. Presentation made at the
reporting workshop of the project entitled ”Conservation through
utilisation of banana and plantain in the Great Lakes region of
East Africa”. Kampala, Uganda, 22-26 July 2002.
Sharrock S. IPGRI’s work on Musa. Presentation made to the
Interim Science Council. Rome, 27 August 2002.
Sharrock S., D. Karamura, B. Mgenzi, A. Barekye, G. Blomme,
J Nkuba, J. Ndeges and F. BaijukyaReport of a rapid rural
appraisal to collect baseline information. Presentation made at
the reporting workshop of the project entitled “Conservation
through utilisation of banana and plantain in the Great Lakes
region of East Africa”. Kampala, Uganda, 22-26 July 2002.
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Sharrock S., O. Guinard and E. Arnaud. Musa diversity in South
East Asia - an analysis of data. Presentation made at the 1st
BAPNET Steering Committee meeting. Los Baños, Philippines,
7-10 October 2002.
Swennen R., G. Arinaitwe, B.P.A. Cammue, I. François, B. Panis,
S. Remy, L. Sági, E. Santos, H. Strosse and I. Van den Houwe.
Transgenic approaches for resistance to Mycosphaerella leaf
spot diseases in banana (Musa spp.). Paper presented at the
2nd International workshop on Mycosphaerella leaf spot
diseases of bananas. San José, Costa Rica, 20-23 May 2002.
Staff publications in 2002
Agrawal A., H. Sharma, R. Swennen and B. Panis. 2002.
Cryopreservation of banana meristem cultures: effect of
vitrification solution on post-thaw survival in seven cultivars.
Pp. 33-34 in Global Conference on Banana and Plantain
(H.P. Singh, and N.K. Dadlani, eds). Bangalore, India, 
28-31 October 2002. AIPUB, New Delhi. Abstract.
Belalcázar C. S. Altas densidades de siembra en plátano, una
alternativa rentable y sostenible de producción. Pp. 390-396 
in ACORBAT. Memorias XV reunión. AUGURA, Medellín,
Colombia.
Belalcázar C. S. 2002. Botánica, ecofisiología, morfología y ciclo
vegetativo de la planta de plátano in Curso Regional sobre
Producción de Plátano para el Mercado Interno y Externo.
FHIA, La Lima, Honduras. 368pp.
Belalcázar C. S. 2002. Selección de semilla, tamaño y tratamiento
in Curso Regional sobre Producción de Plátano para el
Mercado Interno y Externo. FHIA, La Lima, Honduras. 368pp.
Belalcázar C. S. 2002. Tecnología utilizada para la multiplicación
rápida de cormos in Curso Regional sobre Producción de
Plátano para el Mercado Interno y Externo. FHIA, La Lima,
Honduras. 368pp.
Belalcázar C. S. 2002. Sistemas de siembra y uso de altas
densidades in Curso Regional sobre Producción de Plátano
para el Mercado Interno y Externo. FHIA, La Lima, Honduras.
368pp.
Belalcázar C. S. 2002. Manejo agronómico: deshije, deshoje y
desmane in Curso Regional sobre Producción de Plátano para
el Mercado Interno y Externo. FHIA, La Lima, Honduras. 368pp.
Belalcázar C. S. 2002. Nutrición y fertilización en el cultivo del
plátano in Curso Regional sobre Producción de Plátano para el
Mercado Interno y Externo. FHIA, La Lima, Honduras. 368pp.
Belalcázar C. S. and F. Rosales. 2002. El cultivo del plátano:
capacitación para capacitadores. CD-Rom y Guía teórica para
el uso del CD. INIBAP, France and Costa Rica. 95pp.
Blomme G., S. Inzaule, A. Barekye, S. Mgenzi, C.S. Gold, 
S. Sharrock and E.B. Karamura. 2002. Strategies for delivering
banana integrated pest management technologies in Eastern
Africa with emphasis on banana weevil and nematodes.
Pp. 236-238 in ACORBAT. Memorias XV reunión. AUGURA,
Medellín, Colombia.
Blomme G., R. Swennen and A. Tenkouano. 2002. A root system
development during two crop cycles in banana and plantain
(Musa spp.). Pp. 418-424 in ACORBAT. Memorias XV reunion.
AUGURA, Medellín, Colombia.
Blomme G., R. Swennen and A. Tenkouano. 2002. The effect of
soil bulk density on root and overall plant development in six
banana varieties. InfoMusa 11(2):38-40.
Carlens K., A. Elsen, E. Van Damme, L. Sági, D. De Waele and
R. Swennen. 2002. Nematode control by expression of lectins
in transgenic plants. 4th International Congress of Nematology.
Programme and Abstracts. Tenerife, Spain, 8-13 June 2002.
Nematology 4(2):227.
Carlier J., D. De Waele and J.V. Escalant. 2002. Global evaluation
of Musa germplasm for resistance to Fusarium wilt,
Mycosphaerella leaf spot diseases, and nematodes: In-depth
evaluation (A. Vézina and C. Picq, eds). INIBAP Technical
Guidelines 6.
Elsen A., R. Swennen and D. De Waele. 2002. The interaction
between an arbuscular mycorrhizal fungus and migratory
endoparasitic nematodes in Musa genotypes differing in host
plant response. 4th International Congress of Nematology.
Programme and Abstracts. Tenerife, Spain, 8-13 June 2002.
Nematology 4(2):301.
Escalant J.V. 2002. The International Musa Testing Programme
(IMTP: a worldwide programme to evaluate elite Musa varieties.
Pp. 39-40 in 2nd International worshop on Mycosphaeralla leaf
spot diseases of bananas. Programme and abstracts. INIBAP,
Montpellier, France.
Escalant J.V. 2002. Status of non-conventional genetic
improvement in Musa. International Symposium on Plant
Biotechnology VI. Santa Clara, Cuba, 17-21 February 2002.
26pp.
Escalant J.V. and B. Panis. 2002. Biotechnologies toward the
genetic improvement in Musa. Pp. 68-85 in ACORBAT.
Memorias XV reunión. AUGURA, Medellín, Colombia.
Frison E.A., M. Mitteau and S. Sharrock. 2002. Sharing
responsibilities for ex situ germplasm management. Plant
Genetic Resources Newsletter 131:7-15.
Gold C.S., A. Kiggundu, A.M.K. Abera and D.A. Karamura. 2002.
Selection Criteria of Musa cultivars through a farmer
participatory appraisal survey in Uganda. Experimental
Agriculture 38:29-38.
Gold C.S., A. Kiggundu, A.M.K. Abera and D.A. Karamura. 2002.
Diversity, distribution and farmer preference of Musa cultivars in
Uganda. Experimental Agriculture 38:39-50.
Häkkinen M. and S. Sharrock. 2002. Diversity in the genus Musa:
Focus on Rhodochlamis. Pp. 16-23 in Networking Banana and
Plantain: INIBAP Annual Report 2001. INIBAP, Montpellier,
France.
Helliot B., B. Panis, R. Swennen and P. Lepoivre. 2002.
Cryopreservation for the elimination of cucumber mosaic and
banana streak diseases in banana (Musa spp.). Abstracts of
papers presented during the 4th and final FAO/IAEA research
coordination meeting. Leuven, Belgium, 24-28 September 2001.
InfoMusa 11(1):XXII.
Helliot B., B. Panis, Y. Poumay, R. Swennen, P. Lepoivre and
E. Frison. 2002. Cryopreservation for the elimination of
cucumber mosaic and banana streak viruses from banana
(Musa spp.). Plant Cell Report 20:1117-1122.
Julien D. and G. Boussou. 2002. La banane plantain, un fruit
providentiel. Dépêches de Brazzaville 40:32-35.
Khayat E., A. Ilan, I. Regev, S. Gepstein, L. Sági, R. Swennen and
H. Schoofs. 2002. Discovery of functional genes in the Musa
genome. Abstracts of papers presented during the 4th and final
FAO/IAEA research coordination meeting. Leuven, Belgium, 24-
28 September 2001. InfoMusa 11(1):XV-XVI.
Lepoivre P., J.P. Busogoro, A. El Hadrami, J. Carlier, G.
Harelimana, X. Mourichon, B. Panis, A. Stella Riveros, N. Roux,
G. Sallé, H. Strosse and R. Swennen. 2002. Banana –
Mycosphaerella fijiensis (black leaf streak disease) interactions.
Pp. 28 in 2nd International workshop on Mycosphaeralla leaf
spot diseases of bananas. Programme and abstracts. INIBAP,
Montpellier, France.
Mgenzi, S, S. Inzaule, A. Barekye, G. Blomme, C.S. Gold, P.
Ragama, W.K. Tushemereirwe and E. Karamura. 2002. Farmer-
participatory testing of banana IPM options for sustainable
banana production in Eastern Africa. Integrated Pest
Management Conference for Sub-Saharan Africa, 8-12
September 2002, Kampala, Uganda. Book of abstracts. p. 60.
Moens T., J.A. Sandoval, J.V. Escalant and D. De Waele. 2002.
Evaluation of the progeny from a cross between ‘Pisang Berlin’
and M. acuminata spp. burmannicoides ‘Calcutta 4’ for evidence
of segregation with respect to resistance to black leaf streak
disease and nematodes. InfoMusa 11(2):20-22.
Molina A. and E. Fabregar. 2002. Status of black Sigatoka
management in tropical Asia. Pp. 15-17 in 2nd International
workshop on Mycosphaeralla leaf spot diseases of bananas.
Programme and abstracts. INIBAP, Montpellier, France.
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Molina A.B. 2002. INIBAP and the Asia Pacific banana research
network: addressing the R&D needs in the region. P. 3 in Global
Conference on Banana and Plantain (H.P. Singh and N.K.
Dadlani, eds). Bangalore, India, 28-31 October 2002. AIPUB,
New Delhi. Abstract.
Molina A.B. and J.V. Escalant. 2002. The International Musa
Testing Programme (IMTP): a world-wide programme to
evaluate elite Musa varieties. Pp. 14-15 in Global Conference on
Banana and Plantain (H.P. Singh and N.K. Dadlani, eds).
Bangalore, India, 28-31 October 2002. AIPUB, New Delhi.
Abstract.
Ortiz R., E.A. Frison and S. Sharrock. 2002. CGIAR - Future
Harvest Programme for Musa in Africa. Chronica Horticulturae
42(4):18-24
Picq C., E. Lipman, S. Sharrock and E. Frison. 2002. La culture du
bananier. Biofutur 222:30-33
Panis B., H. Strosse, S. Van den Hende and R. Swennen. 2002.
Sucrose preculture to simplify cryopreservation of banana
meristem cultures. Cryo-letters 23:375-384.
Panis B., H. Strosse, S. Remy, L. Sagi and R. Swennen. 2002.
Cryopreservation of embryogenic cell suspensions of banana to
support banana improvement. Abstracts of papers presented
during the 4th and final FAO/IAEA research coordination
meeting. Leuven, Belgium, 24-28 September 2001. InfoMusa
11(1):XXIII.
Peumans W.J., P. Proost, R.L. Swennen and E.J.M. Van Damme.
2002.The abundant class III chitinase homolog in young
developing banana fruits behaves as a transient vegetative
storage protein and most probably serves as an important
supply of amino acids for the synthesis of ripening-associated
proteins. Plant Physiology 130:1063-1072.
Ramon M., J. Geuns, R. Swennen and B. Panis. 2002. Polyamines
and fatty acids in sucrose precultured banana meristems and
correlation with survival rate after cryopreservation. Cryo-letters
23:345-352.
Remy S., G. De Weerdt, I. Deconinck, R. Swennen and L. Sági.
2002. An ultrasensitive luminescent detection system in banana
biotechnology: from promoter tagging to Southern hybridization.
Abstracts of papers presented during the 4th and final FAO/IAEA
research coordination meeting. Leuven, Belgium, 24-28
September 2001. InfoMusa 11(1):XXII-XXIII.
Remy S., G. Flo, I. Deconinck, S. Lievens, M. Cokelaere,
E. Decuypere, L. Sági and R. Swennen. 2002. Rat feeding tests
of transgenic banana expressing an antifungal peptide from
onion. Abstracts of papers presented during the 4th and final
FAO/IAEA research coordination meeting. Leuven, Belgium, 
24-28 September 2001. InfoMusa 11(1):XXII.
Rosales F. and L. Pocasangre (eds). 2002. Oferta tecnológica de
banano y plátano para América Latina y el Caribe: Una
contribución de MUSALAC a la investigación y desarrollo de la
Musáceas. INIBAP, France, MUSALAC, Costa Rica, CEDAF,
Dominican Republic. 103pp.
Rosales F.E., S. Belalcázar Carvajal and A.S. Riveros. 2002.
Plantain production in Latin America: a new profitable and
sustainable technology. P. 4 in Global Conference on Banana
and Plantain (H.P. Singh and N.K. Dadlani, eds). Bangalore,
India, 28-31 October 2002. AIPUB, New Delhi. Abstract.
Rosales F. and L. Pocasangre. 2002. Mejoramiento convencional
de banano y plátano: estrategias y logros. Pp. 31-43 in
ACORBAT. Memorias XV reunión. AUGURA, Medellín,
Colombia.
Roux N., A. Toloza, J. Dolezel, R. Swennen, P. Lepoivre and
F.J. Zapata-Arias. 2002. Usefulness of embryogenic cell
suspensions for the induction and selection of mutants in Musa
spp. Abstracts of papers presented during the 4th and final
FAO/IAEA research coordination meeting. Leuven, Belgium, 
24-28 September 2001. InfoMusa 11(1):XVII-XVIII.
Roux N., A. Toloza, J.P. Busogoro, B. Panis, H. Strosse ,
P. Lepoivre, R. Swennen and F.J. Zapata-Arias. 2002..
Mutagenesis and somaclonal variation to develop new
resistance to Mycosphaerella leaf spot diseases on Musa.
Pp. 36 in 2nd International worshop on Mycosphaeralla leaf spot 
diseases of bananas. Programme and abstracts. INIBAP,
Montpellier, France.
Roux N., H. Strosse , A. Toloza, B. Panis, J. Dolezel and
R. Swennen. 2002. Monitoring genetic stability of banana
embryogenic cell suspension cultures by flow cytometry. P. 17 in
3rd International symposium on molecular and cellular biology of
bananas. Programme and abstracts (C. Picq, ed.). Leuven,
Belgium, 9-11 September 2002. INIBAP, Montpellier, France.
Suprasanna P., L. Sági and R. Swennen. 2002. Positive selectable
marker genes for routine plant transformation. In Vitro Cell Dev.
Biol Plant 38:125-128.
Suprasanna P., L. Sági, B. Panis and R. Swennen. 2002.
Establishment of embryogenic cell suspension cultures from
Indian banana cultivars. Abstracts of papers presented during
the 4th and final FAO/IAEA research coordination meeting.
Leuven, Belgium, 24-28 September 2001. InfoMusa 11(1):XXI.
Swennen R. 2002 Transgenic plants for (sub)tropical smallholders.
Pp. 109-123 in Sustainable agriculture in the third world:
defining a role for transgenic crops and research. CFDD,
Bruxelles, Belgium.
Swennen R., S. Sharrock and E. Frison. 2002. Biotechnology in
support of smallholders cultivating bananas in the tropics.
Pp. 155-161 in Sustainable Agriculture in the New Millennium.
The Impact of Biotechnology on Developing Countries.
Brussels, Belgium, 28-31 May 2000.
Swennen R., G. Arinaitwe, B. Cammue, I. Francois, B. Panis,
S. Remy, L. Sági, E. Santos, H. Strosse and I. Van Den Houwe.
2002. Transgenic approaches for resistance to leaf spot
diseases in banana (Musa spp.). Pp. 35 in 2nd International
workshop on Mycosphaeralla leaf spot diseases of bananas.
Programme and abstracts. INIBAP, Montpellier, France.
Swennen R., K. Dens and M. Vargas. 2002. Mejoramiento en el
género Musa. Objetivos y técnicas. Universidad Nacional
Autónoma de Nicaragua: 22pp.
Swennen R. and Vuylsteke D. 2002. Fruit crops: Banana.
Pp. 530-552 in Tropical Crops in Africa (R. Raemaekers, ed.).
DGIC, Brussels, Belgium.
Van den Bergh I. 2002. Study of the association between
nematodes and bananas in Vietnam. InfoMusa 11(1):57-58.
Van den Bergh I. 2002. Host-plant response of Vietnamese
bananas (Musa spp.) to plant-parasitic nematodes. PhD thesis.
Katholieke Universiteit Leuven, Leuven, Belgium. 161pp.
Van den Bergh I., D.T.M. Nguyet, N.T. Tuyet, N. Ho Huu and
De D. Waele. 2002. Screening of Vietnamese Musa germplasm
for resistance to root knot and root lesion nematodes in the
greenhouse. Australasian Plant Pathology 31:363-371.
Van den Bergh I., D.T.M. Nguyet., N.T. Tuyet, H.H. Nhi and
De D. Waele. 2002. Responses of Vietnamese Musa genotypes
to Meloidogyne spp. under field conditions. Nematology
4(8):917-923.
Vrydaghs L., C. Mbida Mindzie, R. Swennen, E. De Langhe,
H. Doutrelepont and P. De Maret. 2002. The Musaceae
phytoliths: a tool to trace evidence of early agriculture in Africa.
SAA Abstracts. 67th Annual Meeting, Denver, Colorado, USA,
20-24 March 2002. p.299.
Wuyts N., A. Elsen, L. Sági, D. De Waele and R. Swennen. 2002.
Effects of plant secondary metabolites on plant parasitic
nematodes. 4th International Congress of Nematology.
Programme and Abstracts. Tenerife, Spain, 8-13 June 2002.
Nematology 4(2):208.
Wuyts N., A. Elsen, D. De Waele, R. Swennen and L. Sági. 2002.
Potential of plant secondary metabolites to increase resistance
against plant-parasitic nematodes. 8th Ph.D. Symposium on
Applied Biological Sciences. Universiteit Gent, Belgium,
9 October 2002. Mededelingen. Faculteit Landbouwkundige en
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Abstract.
Wuyts N., A. Elsen, E. Van Damme, D. De Waele, R. Swennen and
L. Sági. 2002. Lectin binding to the plant parasitic nematode
Radopholus similis and its effect on host finding. Abstracts of
papers presented during the 4th and final FAO/IAEA research
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Financial overview 2002
Revenue Unrestricted Restricted Total
Australia 106 14 120
Belgium 203 1 014 1 217
Canada 174 174
European Union 484 484










United Kingdom 189 189














Rockefeller Foundation 58 58
VVOB 179 179
Other income 50 50
Total Revenues 1 544 4 919 6 463
Expenditures Unrestricted Restricted Total
Research Programme 1 147 4 919 6 066
General administration 601 601
Total Expenditures 1 747 4 919 6 667
Recovery of Indirect Costs (420) (420)
Total  1 328 4 919 6 247
As at December 31, 2002 - US$000.
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Staff List 2002
Name Position Nationality Joined Stationed
E.A. Frison Director Belgium 01-10-95 Montpellier
E. Akyeampong Regional Coordinator WCA Ghana 01-06-97 Cameroon
E. Arnaud Info/Doc Specialist France 01-10-89 Montpellier
S. Belalcázar Honorary Research Fellow Colombia 01-04-02 CostaRica
G. Blomme Associate Scientist, Belgium 01-01-00 Uganda
Technology Transfer
G. Boussou Info/Doc Specialist France 07-09-00 Montpellier
R. Bogaerts Technician Belgium 12-02-88 ITC,Belgium
A. Causse Programme Assistant France 01-11-99 Montpellier
H. Doco Info/Com Specialist France 15-09-98 Montpellier
C. Eledu GIS Expert Uganda 01-06-00 Uganda
L. Er-Rachiq Assistant Documentalist France 19-08-02 France
J.V. Escalant Musa Genetic France 01-04-99 Montpellier
Resources Scientist
S. Faure Senior Programme Assistant UK 01-06-88 Montpellier
E. Gonnord Accounting Assistant France 17-08-98 Montpellier
K. Jacobsen Associate Scientist, Technology Belgium 01-05-01 Cameroon
Development and Transfer
C. Jonkers Intern, Biotechnology Belgium 19-07-99 CostaRica
J. Kamulindwa Administrator of the Ugandan Uganda 03-05-01 Uganda
Biotechnology Project
D. Karamura Musa Germplasm Specialist Uganda 01-01-00 Uganda
E. Karamura Regional Coordinator ESA Uganda 01-04-97 Uganda
E. Kempenaers Research Technician Belgium 15-10-90 ITC,Belgium
E. Lipman* Scientific Assistant France 01-07-99 Montpellier
C. Lusty Impact Assessment UK 05-06-00 Montpellier
and PA Specialist
S.B. Lwasa Programme Assistant Uganda 01-08-97 Uganda
M.A. Maghuyop Technical Assistant Philippines 01-07-00 Philippines
F. Malafosse* Programme Assistant France 01-02-91 Montpellier
M.M. MbakopNgamy* Programme Assistant Cameroon 01-12-97 Cameroon
H. Mbuga Accounts Assistant Uganda 15-04-02 Uganda
T. Moens Associate Expert, Nematology Belgium 01-06-98 CostaRica
A.B. Molina Regional Coordinator ASP Philippines 20-02-98 Philippines
G. Moffatt* Programme Assistant Ireland 11-10-99 Montpellier
A. NkakwaAttey Supervisor Plantation Cameroon 01-11-02 Cameroon
Technology Tranfer Project
C. Picq Head, Information / France 01-04-87 Montpellier
Communications
L. Pocasangre Associate Scientist, Honduras 01-07-00 CostaRica
Technology Transfer
G. Ponsioen Info / Com Specialist Netherlands 12-04-99 Montpellier
V. Roa Programme Assistant Philippines 01-01-91 Philippines
F. Rosales Regional Coordinator LAC Honduras 01-04-97 CostaRica
M. Ruas Computer Service Assistant France 28-02-00 Montpellier
S.L. Sharrock Germplasm Conservation UK 07-07-96 Montpellier
Scientist
R. Swennen Honorary Research Fellow Belgium 01-12-95 KUL, Belgium
J. TetangTchinda Regional Information Cameroon 15-08-02 Cameroon
Officer for Africa
T. Thornton Financial Manager UK 01-08-90 Montpellier
I. VandenHouwe Officer in Charge ITC Belgium 01-02-92 ITC,Belgium
L. Vega Programme Assistant CostaRica 01-02-92 CostaRica
A. Vézina Editor, Scientific Writer Canada 15-07-02 Montpellier
S. Voets Technician Belgium 01-01-93 ITC,Belgium
A. Vilarinhos Associate Scientist, Brazil 01-09-00 Montpellier
Molecular biology
J. Vilmaers Research Technician Belgium 01-01-97 ITC,Belgium
*left during the year.
List indicates members of the INIBAP programme of IPGRI. Inaddition, staff with in other programmes and
departments of IPGRI contributed to the INIBAP programme during 2002.
Acronyms and abbreviations
AfDB African Development Bank
ARDI Agriculture Research and Development
Institute, Tanzania
ARTS Agricultural Research and Technical Services,
Malawi
ATA aurintricarboxylic acid
BAC bacterial artificial chromosome
BAPNET Banana Asia and Pacific Network, Philippines
BARNESA Banana Research Network for Eastern and
Southern Africa, Uganda
BBTV banana bunchy top virus
BBrMV banana bract mosaic virus
BIP Banana Improvement Programme,
Philippines
BPI Bureau of Plant Industries, Philippines
BTH benzothiadiazole
CARBAP Centre africain de recherches sur bananiers
et plantains, Cameroon  
CARDER Centre d’action régionale pour le
développement, Benin
CATIE Centro Agronómico Tropical de Investigación
y Enseñanza, Costa Rica
CBO community based organization
CENA-USP Centro de Energia Nuclear na Agricultura –
Universidade de São Paulo, Brazil
CENARGEN Centro Nacional de Pesquisa de Recursos
Geneticos y Biotecnologia, Brazil
CFC Common Fund for Commodities, Netherlands
CICAD/OAS Inter-American Drug Abuse Control
Commission of the Organization of the
American States
CICY Centro de Investigaciónes Científicas de
Yucatán, Mexico
CIDA Canadian International Development Agency
CINVESTAV Centro de Investigación y Estudios
Avanzados del IPN, Mexico
CIP Centro International de la Papa, Peru
CIRAD Centre de coopération internationale en
recherche agronomique pour le
développement, France
CMV cucumber mosaic virus
CNPMF Centro Nacional de Pesquisa, de Mandioca e
Fruticultura ,Brazil
CNPq Conselho Nacional de Desenvolvimento
Cientifico e Tecnológico, Brazil
CORBANA Corporación Bananera Nacional, Costa Rica
CORPOICA Corporación Colombiana de Investigación
Agropecuaria, Colombia
CRI Crops Research Institute, Ghana
CTA Technical Centre for Agriculture and Rural
Cooperation, Netherlands
DFID Department for International Development,
United Kingdom
DGIC Directorate General for International
Cooperation, Belgium
DNA deoxyribonucleic acid
DRC Democratic Republic of Congo
DREAM Dynamic Research Evaluation for
Management
EAHB East African highland banana
EARTH Escuela de Agricultura de la Región Tropical
Húmeda, Costa Rica
ELISA enzyme-linked immunosorbent assays
EMBRAPA Empresa Brasiliera de Pesquisa
Agropecuaria, Brazil
EST expressed sequence tag
FAO Food and Agriculture Organization of the
United Nations, Italy
FAO/IAEA FAO International Atomic Energy Agency, Austria
FFTC Food and Fertilizer Technology Center,
Philippines
FISH fluorescent in situ hybridization
FUNDAGRO Fundación para el Desarrollo Agropecuario,
Ecuador
GCF Gatsby Charitable Foundation, United
Kingdom
GIS geographic information system
ICIA Instituto Canario de Investigación Agrícola,
Spain
ICIPE International Centre of Insect Physiology 
and Ecology, Kenya
IDRC International Development Research Centre,
Canada
IEB Institute for Experimental Botany, Czech
Republic
IFPRI International Food Policy Research Institute,
USA
IICA Institut Interaméricain de Coopération pour
l’Agriculture
IIHR Indian Institute of Horticultural Research
IITA International Institute of Tropical Agriculture,
Nigeria
IM-RT-PCR immuno-capture reverse transcriptase
polymerase chain reaction
INRAB Institut national de recherche agricole du
Bénin
INERA Institut national pour l’étude et la recherche
Aagronomiques, DRC
INIVIT Instituto de Investigaciones en Viandas
Tropicales, Cuba
IPGRI International Plant Genetic Resources
Institute, Italy
IPM integrated pest management
IRAG Institut de recherche agronomique de
Guinée, Guinea
IRAZ Institut de recherches agronomique et
zootechnique de la Communauté
économique des pays des grands lacs,
Burundi
IRD Institut de recherche pour le développement,
France
ISAR Institut des sciences agronomiques du
Rwanda
ITC INIBAP Transit Centre, Belgium
JIC John Innes Centre, United Kingdom
KARI Kenyan Agricultural Research Institute
KCDP Kagera Community Development 
Programme, Tanzania
KULeuven Katholieke Universiteit Leuven, Belgium
luc luciferase gene
MGRC Musa Genome Resources Centre, Czech
Republic
MUSACO Musa Research Network for West and
Central Africa, Cameroon
MUSALAC Plantain and Banana Research and
Development Network for Latin America and
the Caribbean, Costa Rica
NAERP National Agricultural Extension and Research
Programme, Cameroon
NARO National Agricultural Research Organization,
Uganda
NARS national agricultural research systems
NGO non-governmental organization
NIAS National Institute for Agrobiological Sciences,
Japan
NTU National Taiwan University
PROMUSA Global Programme for Musa Improvement
QDPI Queensland Department of Primary
Industries, Australia
RFLP restriction fragment length polymorphism
RGA resistance gene analogue
RIF Research Institute for Fruits, Indonesia
SCAU South China Agricultural University
SLA Sustainable Livelihoods Approach
TARGET Technology Applications for Rural Growth 
and Economic Transformation, USA
TBRI Taiwan Banana Research Institute
TIGR The Institute for Genomic Research, USA
UCB Universidade Nacional Catolica de Brasilia, Brazil
UNAN-León Universidad Autónoma de Nicaragua – León
UNDP United Nations Development Programme
USAID United States Agency for International
Development
VIMDESALT Viceministerio de Desarrollo Alternativo,
Bolivia
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L’INIBAP en 2002
Gestion du matériel génétique
de Musa
Gestion du matériel génétique de Musa au
Centre de transit de l’INIBAP
Au cours de l’année 2002, des échantillons de
1419 accessions de la collection internationale de
matériel génétique de Musa gérée par l’INIBAP à
l’Université catholique de Leuven (KULeuven) ont
été transférés du stockage à moyen terme sur du
milieu de culture neuf pour obtenir des cultures de
pousses en prolifération pour un nouveau cycle
de stockage en croissance ralentie. Afin d’éviter
de devoir ré-indexer le matériel pour la présence
de virus, les accessions sont plantées et des
cultures d’apex sont ré-initiées à partir de plants
décapités. En 2002, 805 plants de 226 accessions
ont été sélectionnés pour rajeunissement. Fin
2002, des cultures de tissus étaient établies pour
92 accessions et en préparation pour 102 autres
accessions. Des échantillons seront envoyés à
des instituts partenaires où ces accessions seront
plantées au champ pour vérifier leur conformité.
Les demandes d’ADN augmentent avec les
avancées de la recherche en génomique et la
valeur des outils moléculaires est reconnue dans
une gamme d’études plus large. Afin de satisfaire
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aux demandes de tissus frais de toutes les
accessions de la banque de gènes,
indépendamment de leur état de contamination
par des virus, une collection d’ADN et de tissus
foliaires lyophilisés est en cours d’établissement.
Un protocole particulier a été mis au point pour
optimiser la conservation des échantillons de
feuilles et il est maintenant utilisé.
Un système sur mesure de gestion des données
est en cours de mise en place au Centre de
transit pour permettre au personnel d’accéder, à
partir d’un seul portail, à toutes les informations
sur les accessions, depuis les données passeport
jusqu’aux résultats des tests d’indexation pour les
virus et les détails des stocks. Un module intégré
est destiné à gérer les commandes et les
expéditions, et chaque accession est étiquetée
avec un code barre unique, qui est lu par une
unité mobile portable.
Conservation des bananiers et bananiers
plantain africains
La fondation Gatsby investit dans un plan pour
améliorer la conservation de la partie de la
collection qui concerne spécifiquement l’Afrique
et, par conséquent, la subsistance des familles
africaines qui dépendent étroitement des
bananiers. Le projet vise à :
• placer 600 accessions de Musa d’origine
africaine ou d’intérêt particulier pour l’Afrique en
cryoconservation avec l’assistance technique
d’un laboratoire africain ;
• transférer la technique de cryoconservation à
des chercheurs africains ;
• rajeunir et réévaluer 400 accessions au champ ;
• collecter du matériel génétique de bananier
plantain dans le bassin du Congo qui soit
nouveau dans les collections ex situ ;
• développer une stratégie de conservation pour
l’utilisation complémentaire des méthodologies
de conservation ex situ et in situ.
Missions de collecte – Moyen-Orient   
En 2002, la FAO et l’INIBAP ont financé une
enquête au Moyen-Orient. Le Dr Edmond de
Langhe, taxonomiste des Musa renommé, a
étudié, avec des collaborateurs locaux, des
collections et des plantations en Jordanie, Egypte
et à Oman. L’exploration de la diversité des
cultivars de Musa dans cette partie du monde est
une première. Dans chacun des pays visités,
l’équipe a évalué les collections nationales ainsi
que la diversité rencontrée dans les champs des
paysans. Ils ont résolu des problèmes
taxonomiques et proposé diverses
recommandations pour améliorer la production de
bananes et leur utilisation.
Cryoconservation
Les recherches continuent pour optimiser le
protocole de cryoconservation pour la gamme la
plus étendue possible de variétés de Musa, grâce
à un financement de la Direction générale pour la
coopération internationale (DGIC) du
gouvernement belge. A la fin de 2002, 76 des
accessions de l’ITC pouvaient être considérées
comme conservées en sécurité pour le long
terme. ‘Nyamwihogora’ et ‘Mbwazirume’ (deux
variétés des hauts plateaux d’Afrique de l’Est) et
‘Cachaco’ (ABB) peuvent être ajoutées aux quatre
variétés chez lesquelles des scalps de haute
qualité ont été obtenus par culture avec 10µM de
thidiazuron (TDZ), un régulateur de croissance, au
lieu de 100?M de benzyladénine (BA). Les
observations réalisées en cryoconservation
indiquent que les scalps produits avec le TDZ
n’ont pas un comportement différent de ceux
produits avec la BA, et la durée nécessaire à leur
production est réduite de moitié.
Thérapie virale
L’Université de Gembloux continue à rechercher
des protocoles pour éradiquer les virus des
bananiers, avec un financement de la DGIC. La
thermothérapie de bananiers infectés par le virus
de la mosaïque du concombre a permis d’obtenir
35 et 70% d’élimination des virus, respectivement
sur des plantes in vivo et in vitro. Le BSV est
éradiqué chez environ 45% des plantes
régénérées après culture de méristèmes. La
cryothérapie de méristèmes en prolifération
permet d’obtenir environ 60% d’éradication. Pour
le virus du bunchy top du bananier (BBTV), 90%
des plantes infectées avec la souche africaine
sont assainies par culture de méristèmes, alors
que seulement 45% de celles infectées par la
souche chinoise sont assainies. Cependant,
l’utilisation de la cryothérapie a permis d’obtenir
un taux d’éradication de la souche chinoise
de 75%.
Caractérisation
En 2002, les recherches en cytométrie en flux
menées au Laboratoire de cytogénétique
moléculaire et de cytométrie de l’Institut de
botanique expérimentale (IEB) se sont
concentrées sur l’analyse d’espèces non-
acuminata/balbisiana. Un total de 283 accessions
ont été étudiées, 119 pour la première fois et 164
pour la deuxième ou troisième fois. Soixante-
quatorze des 76 échantillons ré-analysés n’ont
montré aucun changement de leur niveau de
ploïdie par rapport aux analyses précédentes. Les
résultats troublants concernant les deux
accessions restantes pourraient suggérer un état
de mixoploïdie.
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Système d’information sur le matériel génétique
de Musa
Une bourse de six mois financée par le
gouvernement du Québec a permis une analyse
générale du contenu du Système d’information sur
le matériel génétique de Musa (MGIS) pour aider
à identifier les éventuelles duplications, manques
et erreurs de classification. En même temps, le
logiciel DIVA-GIS, développé par le Centro
Internacional de la Papa (CIP) et l’IPGRI a été
exploré pour servir d’outil de cartographie pour
le MGIS.
En 2002, 23 curateurs de collections africaines
de matériel génétique de Musa se sont réunis
pour la première fois pour un cours de formation
qui a été financé par le Centre technique de
coopération agricole et rurale (CTA) et qui s’est
déroulé au Centre africain de recherches sur
bananiers et plantains (CARBAP) au Cameroun.
En profitant de cette réunion, un atelier a eu lieu
après le cours pour déterminer les noms et les
synonymes des bananiers plantain en Afrique de
l’ouest et en Afrique centrale, en utilisant les
données et les photos du MGIS, et une liste




Un projet global avec le Fonds commun pour
les produits de base (CFC)
L’INIBAP offre un cadre à plus de 1000 fermiers
dans sept pays d’Afrique et d’Amérique pour
cultiver, évaluer et commercialiser des variétés
améliorées de bananiers. Le CFC finance ce
projet. La République démocratique du Congo,
l’Equateur, la Guinée, Haïti, le Honduras, le
Nicaragua et l’Ouganda participent au projet au
travers de leurs systèmes nationaux de recherche
agricole. En 2002, du matériel de plantation de
10 variétés améliorées, choisies parmi une
sélection de 27 variétés, a été multiplié et planté
dans des parcelles de démonstration dans chaque
pays. L’évaluation des performances des variétés
sélectionnées aura lieu au champ, avec la
participation d’au moins 150 paysans dans
chaque pays.
Amélioration du bananier à la FHIA
L’INIBAP, grâce à un financement de l’Agence des
Etats-Unis pour le développement international
(USAID), soutient des activités à la Fundación
Hondureña de Investigación Agrícola (FHIA) qui
visent à améliorer les bananiers par hybridation, à
conserver la banque de matériel génétique et à
faire des recherches sur les populations de
pathogènes. Les travaux se concentrent sur
l’utilisation de diploïdes et l’introduction des
techniques moléculaires et de méthodes de
criblage précoce. Un total de 20 croisements
visent à produire des bananiers plantain résistants
à la cercosporiose noire, des bananiers à cuire
à floraison précoce et des bananiers export
résistants à la cercosporiose noire, aux
nématodes et à la fusariose. En 2002, 3426
racèmes ont été pollinisés et 15 hybrides ont été
produits pour 4 croisements : AVP-67 
x Calcutta 4, SH-3648 x SH-3142, SH-3648 
x SH-3362 et Highgate x SH-3142. Tous les autres
croisements prévus sont en cours de réalisation,
à différents stades de production de plants
hybrides.
PROMUSA
Le groupe charançons est lancé
La première réunion du groupe de travail de
PROMUSA sur les charançons s’est tenue aux
Canaries en mars 2002. C’était la première fois
que des scientifiques spécialistes des charançons,
des biologistes et des généticiens, se réunissaient
sous la bannière de PROMUSA pour se
concentrer sur l’amélioration génétique. Le groupe
de travail fonctionnera comme les cinq autres
groupes, piloté par un animateur, avec un noyau
de participants actifs dans le domaine de
l’amélioration génétique. Les participants de la
réunion se sont mis d’accord sur les objectifs
principaux suivants :
• identifier des sources de résistance ;
• développer des méthodes et des protocoles de
criblage ;
• se mettre d’accord sur des références et des
contrôles.
Troisième réunion du groupe de travail sur la
cercosporiose noire
Après l’atelier international sur les maladies
foliaires causées par Mycosphaerella, les
membres du groupe de travail de PROMUSA sur
la cercosporiose noire se sont réunis pendant
deux jours. Le groupe a formulé la liste suivante
d’actions à mener :
• le CIRAD propose de commencer à constituer
et héberger une collection de souches des
différentes Mycosphaerella pathogènes.
• les protocoles d’échantillonnage des
pathogènes devraient être standardisés et les
informations techniques largement diffusées.
• les méthodologies pour observer la
pathogénicité, basées sur des systèmes in vivo
et in vitro, devront être standardisées.
• les collections existantes devront être
caractérisées pour identifier de nouvelles
sources de résistance.
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• des outils de diagnostic à large spectre devront
être développés.
• des études sur la durabilité de la résistance sont
nécessaires.
• une meilleure connaissance des mécanismes
de dispersion du pathogène est d’une
importance vitale.
Musa balbisiana et les sélectionneurs de bananiers
Les chercheurs impliqués dans le petit nombre de
programmes d’amélioration de Musa existant dans
le monde entier se sont réunis à KULeuven en
mai 2002 pour consolider leurs idées en vue
d’initiatives et d’activités communes. L’un des
résultats a été la mise en place d’un Consortium
global des sélectionneurs de bananiers. L’objectif
du groupe est d’employer l’amélioration génétique
pour relever le défi que représentent aujourd’hui
les contraintes de production.
Les priorités de recherche identifiées au cours
de la réunion sont ciblées sur trois thèmes : la
mise en place d’un programme d’amélioration en
Asie, l’intensification des missions de collecte et la
standardisation et l’élargissement des efforts de
caractérisation. Ces propositions ont été
entérinées par le groupe de travail de PROMUSA
sur l’amélioration génétique et ont représenté la
base de discussions sur ce sujet au cours d’une
réunion ad hoc sur balbisiana qui s’est déroulée
du 8 au 10 juillet à Bangkok, en Thaïlande.
Le 3ème Symposium international sur la biologie
moléculaire et cellulaire du bananier
La KULeuven, en Belgique, a accueilli le
3ème Symposium international sur la biologie
moléculaire et cellulaire du bananier. Plus de
100 chercheurs se sont retrouvés pour cette
réunion scientifique et une grande partie d’entre
eux sont restés pour participer aux délibérations
des groupes de travail de PROMUSA sur la
virologie et l’amélioration génétique. Une réunion
des groupes de recherche sur la biologie
moléculaire de Mycosphaerella fijiensis a
également eu lieu. Leur objectif est de lancer un
nouveau consortium qui réunira les initiatives sur
la génomique de M. fijiensis et de M. graminicola,
un pathogène relativement bien connu qui
parasite le blé.
Décorticage du génome
Les membres du Consortium global sur la
génomique de Musa se sont réunis pour la
deuxième fois à KULeuven en septembre 2002.
L’Université d’Helsinki en Finlande, les Universités
Malaya et Putra Malaya en Malaisie ainsi que le
National Institute for Agricultural Sciences (NIAS)
au Japon sont devenus de nouveaux membres.
L’Agence internationale d’énergie atomique de la
FAO (FAO/IAEA) prévoit de servir de dépôt pour
les mutants ; l’IEB offrira un centre de ressources
pour la génomique, KULeuven propose de jouer le
rôle de centre pour les Musa transgéniques et
l’ITC a mis en place un service pour fournir du
matériel foliaire lyophilisé. Trois banques de
chromosomes artificiels (BAC) ont été
développées par des partenaires du Consortium à
partir d’espèces sauvage de Musa acuminata et
de M. balbisiana ainsi que d’un cultivar triploïde.
Création d’une nouvelle banane des hauts plateaux
d’Afrique de l’Est
Lancé en 2000, un partenariat entre la NARO,
l’Université Makerere, l’INIBAP, le CIRAD,
KULeuven, l’Université de Pretoria et l’IITA tente
d’introduire des caractères génétiques de
résistance à la cercosporiose noire, aux
nématodes et aux charançons dans les bananiers
des hauts plateaux d’Afrique de l’Est. Ce projet,
d’une durée de trois ans, est financé par le
gouvernement ougandais, la Fondation
Rockefeller, le gouvernement belge et l’USAID.
Deux laboratoires pour la biologie moléculaire et
la culture de tissus sont complètement équipés et
fonctionnent avec une équipe de techniciens bien
formés. Des méthodes pour l’établissement de
suspensions cellulaires embryogènes utilisant des
fleurs mâles ou des cultures de méristèmes
comme matériel de départ sont appliquées, avec
l’assistance du CIRAD et de KULeuven, aux
cultivars ‘Mbwazirume’, ‘Kibuzi’, ‘Nakasabira’,
‘Nandigobe’, ‘Kabula’, ‘Mpologoma’, ‘Nakinyika’ et
‘Kisansa’. En 2002, des scalps de bonne qualité
ont été obtenus chez ces huit cultivars.
Un doctorant travaille à KULeuven sur
l’introduction de sources de résistance à la
cercosporiose noire chez le bananier. Un
protocole facilement reproductible a été établi pour
introduire le gène de la chitinase dans des
variétés de bananier non originaires des hauts
plateaux d’Afrique de l’Est, grâce à une
transformation par Agrobacterium, et, dans une
moindre mesure, par bombardement de
particules. Différentes lectines sont en cours
d’introduction à KULeuven dans des espèces
d’Arabidopsis et de Nicotiana. Celles qui montrent
des niveaux d’expression élevés dans les racines
sont sélectionnées et leurs effets sur les
nématodes du bananier sont déterminés. La
résistance aux charançons est explorée au CIRAD
en criblant des souches de Bt, et une thèse de
Doctorat, réalisée dans le cadre d’une
collaboration entre l’IITA, le NARO et l’Université
de Pretoria examine l’action des inhibiteurs de la
cystéine protéinase (cystatines) isolés chez le riz
et la papaye contre le charançon du bananier. Des
résultats préliminaires indiquent que les cystatines
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de papaye réduisent l’activité de la cystéine
protéinase à 19% ou moins dans le mésentère
des adultes et des larves.
Amélioration par transformation génétique
Les recherches conduites à KULeuven sur la
culture des suspensions cellulaires embryogènes
et la transformation de Musa sont financées par la
DGIC. La fréquence de réponse embryogène
suggère que les scalps produits avec le TDZ sont
capables de donner un taux d’embryogenèse
acceptable, en fait un taux supérieur à celui
obtenu avec les scalps induits par la BAP. Les
cultivars de bananiers plantain et à cuire ont le
mieux répondu (respectivement jusqu’à 16,7 et
11,7%). Cependant, les embryons obtenus à partir
des scalps induits avec le TDZ étaient
relativement matures et individualisés. La durée
de préparation et la capacité de régénération des
suspensions cellulaires embryogènes provenant
de scalps induits par le TDZ et la BAP semblent
comparables.
Une technologie de piégeage de gènes est en
cours de développement pour l’isolement de
promoteurs en utilisant le gène de la luciférase
(luc) comme gène rapporteur. Le moment et la
stabilité de l’expression de la luciférase ont été
étudiés dans des suspensions embryogènes de
‘Three hand planty’ (AAB), ‘Grande naine’ (AAA) et
‘Gros Michel’ (AAA). Sur environ 24 000 colonies
transgéniques de ‘Gros Michel’, 17 (0,07%) ont
montré une expression constitutive. Vingt-quatre
mille autres colonies, criblées avec le
benzothiadazole (BTH), un activateur de
résistance systémique acquise, ont révélé huit
(0,03%) candidats. Six (0,05%) colonies sur
11 000 ont été induites par un traitement au
chlorure de sodium. Enfin, sur 2800 cultures
méristématiques en prolifération, 12 (0,4%) ont
montré une expression constitutive.
Evaluation d’impact
L’INIBAP et l’International Food Policy Resource
Institute (IFPRI) se lancent dans une initiative
nouvelle et novatrice qui consiste à évaluer
l’impact social et économique de variétés
améliorées de bananier sur les moyens
d’existence des petits paysans en Afrique de l’Est.
C’est un projet multidisciplinaire, qui inclut des
recherches économiques approfondies au niveau
des foyers, la projection du surplus économique
au niveau national au travers de l’approche
utilisant le modèle d’évaluation dynamique de la
recherche pour la gestion (Dynamic Research
Evaluation for Management, DREAM) de l’IFPRI
et une évaluation élargie de l’impact au niveau
sociologique utilisant une approche de
subsistance durable (Sustainable Livelihoods
Approach, SLA).
C’est en Ouganda et en Tanzanie que se
déroulent ces études. L’INIBAP et l’IFPRI
travaillent en partenariat avec la NARO, l’ARDI et
l’Université Makerere. Pour tous les partenaires, le
projet représente une opportunité d’explorer un
territoire vierge, de développer des capacités très
demandées pour analyser l’impact au niveau d’un
foyer et de mettre en évidence des informations
factuelles qui devraient entraîner des
changements au niveau de la recherche et au
niveau institutionnel. Pour cette raison, le projet
est un projet pilote en ce qui concerne le concept
d’apprentissage et de changement institutionnel
(Institutional Learning and Change, ILAC). En
novembre 2002, un atelier de planification s’est
déroulé à Kampala, en Ouganda, avec le soutien
de l’USAID qui finance les études économiques.
L’INIBAP dans le monde
Amérique latine et Caraïbes
Atelier international sur les maladies foliaires causées
par Mycosphaerella
Le deuxième atelier international sur les maladies
foliaires du bananier causées par les
Mycosphaerella  spp. a réuni au Costa Rica, du
20 au 23 mai 2002, plus de 60 scientifiques des
secteurs public et privé, représentant plus de
16 pays du monde entier. Les organisateurs
étaient l’INIBAP, la Corporación Bananera
Nacional (CORBANA), l’Escuela de Agricultura de
la Región Tropical Húmeda (EARTH) et le Centro
Agronómico Tropical de Investigación y
Enseñanza (CATIE).
Les besoins de recherche suivants ont été
identifiés :
• une étude taxonomique et des tests de
diagnostic rapides des espèces de
Mycosphaerella et des genres apparentés que
l’on observe au cours des lésions foliaires chez
le bananier ;
• une mise à jour de la distribution géographique
des Mycosphaerella pathogènes ;
• des recherches sur l’influence de M. eumusae
sur la croissance et le rendement des clones de
bananiers ;
• une étude des relations hôte-pathogène ;
• une étude de la dispersion de la maladie, de la
pathogénicité et de la variabilité génétique ;
• une initiative en génomique afin d’offrir des
outils de recherche ;
• une caractérisation morphologique et
moléculaire de Musa balbisiana ;
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• un criblage de Musa textilis et de
M. schizocarpa pour de la résistance ;
• la formulation d’une stratégie de lutte intégrée
contre les ravageurs.
Production organique en Bolivie
La Commission interaméricaine de contrôle des
abus de stupéfiants de l’Organisation des états
américains (CICAD/OAS) finance l’INIBAP et le
Viceministerio de Desarrollo Alternativo
(VIMDESALT) pour mener à bien un projet visant à
améliorer la production de bananes et décourager
les paysans souhaitant migrer vers les zones de
production de Coca ou cultiver eux-mêmes
illégalement la Coca. Le projet fonctionne avec
environ 1000 paysans qui travaillent avec dix
associations de producteurs, elles-mêmes
regroupées au sein de l’Unión de Asociaciones de
Productores Orgánicos de Alto Beni, qui inclut des
organisations commerciales, Bana Beni SRL et
Bana Beni Export. Des investissements sont
réalisés dans les infrastructures et le système de
production dans toute la zone couverte par le
projet. Des zones sélectionnées sont équipées
avec une irrigation efficace, des lignes de câbles et
des systèmes d’emballage pour permettre aux
agriculteurs de produire de grandes quantités de
fruits de qualité supérieure, qui seront conformes
aux standards d’exportation de produits
organiques. Ailleurs, des installations d’emballage
et des systèmes de câbles mobiles sont installés à
des points stratégiques des zones de production.
Les pratiques culturales sont également
améliorées. Chaque association a un agronome
attitré et des partenaires nommés, qui jouent le rôle
de « promoteurs ». En 2002, les agronomes et les
promoteurs ont tous suivi des formations sur les
techniques de gestion des cultures, la certification
organique et la gestion des engrais organiques.
Asie et Pacifique
Miser sur le futur
L’ITC fournit régulièrement des plantules produites
par culture de tissus provenant de la collection
internationale de matériel génétique de Musa,
mais un maximum de cinq échantillons est envoyé
par accession pour chaque demande. Au niveau
local, il existe une demande pour qu’un
approvisionnement rapide, continu et important de
matériel de plantation sain soit disponible pour un
large public. Ceci nécessite la capacité au niveau
national de conserver, multiplier et distribuer du
matériel génétique.
Dans la région Asie-Pacifique, l’INIBAP et les
membres du Réseau bananier Asie-Pacifique
(BAPNET) mettent en place une telle capacité au
niveau national avec le soutien du gouvernement
de Taiwan. Seize instituts dans 13 pays se sont
portés volontaires pour devenir partenaires de ce
projet et ont mis en place les infrastructures
nécessaires à la conservation et à la distribution
de matériel de plantation. Certains distribuent déjà
activement des variétés de bananiers, alors que
d’autres ont du démarrer à zéro. En 2002, les
plants fournis à la majorité des instituts ont été
multipliés, plantés au champ ou conservés in vitro.
Des foyers pour des bananiers aux Philippines
Cinq universités, Cavite State University, Virlanie
Foundation, Quirino State College, Don Mariano
Marcos Memorial State University et Ilocos Sur
Polytechnic State College, ont chacune planté
des parcelles de démonstration de variétés
améliorées de bananiers dans le cadre d’un
projet financé par le gouvernement des
Philippines. Les paysans reçoivent gratuitement
le matériel de plantation et participeront à
l’évaluation des nouvelles variétés dans leurs
champs.
Parallèlement, huit sections du Rotary Club
offrent des cultivars locaux populaires et des
variétés améliorées aux foyers, à la fois dans les
zones rurales et dans les villes. L’accent est plus
particulièrement mis sur les foyers ayant de
faibles ressources. Il est prévu qu’environ
40 000 bananiers auront trouvé un foyer à la fin
de l’année 2003.
Le programme Future Harvest pour l’Afrique
On vise haut pour l’Afrique
Le Fonds d’accès à la technologie du Programme
d’applications de la technologie pour la croissance
rurale et la transformation économique
(TARGET) de l’USAID finance un projet de deux
ans, dirigé par l’IITA et l’INIBAP. Les objectifs sont
les suivants :
• fournir aux paysans des hybrides améliorés de
bananiers et bananiers plantain;
• former les paysans à des techniques améliorées
de production et de commercialisation ;
• mettre en place un système pour assurer
l’approvisionnement ininterrompu des paysans
en hybrides améliorés ;
• développer des stratégies pour augmenter les
revenus des paysans au travers d’activités
menées au niveau des communautés.
Le Cameroun, le Ghana, le Mozambique et la
Tanzanie ont été choisis comme pays cibles.
Au total, environ 2000 paysans vont recevoir
64 000 plants de variétés améliorées. Ceux qui
vont recevoir maintenant du matériel végétal
seront dans l’obligation de donner au moins un
rejet à d’autres agriculteurs, une fois que leurs
plants seront bien établis.
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Afrique orientale et australe
Diversité : l’utiliser ou la perdre
L’INIBAP et ses partenaires, la NARO et
l’Université Makerere en Ouganda et l’Agriculture
Research and Development Institute (ARDI)
en Tanzanie, ainsi que plusieurs ONG et
organisations communautaires (CBOs) dans les
deux pays travaillent sur quatre sites en Tanzanie
et en Ouganda pour conserver et augmenter la
diversité des bananiers. Après trois ans de
fonctionnement, le projet a dépassé les objectifs
initiaux et les agriculteurs et les autres partenaires
qui y participent ont demandé une extension des
activités. Le Centre de recherches pour le
développement international (CRDI, Canada), qui
finance le projet, a décidé d’investir dans une
seconde phase de trois ans.
Des études socio-économiques et
ethnobotaniques ont été réalisées ainsi que
diverses activités impliquant la participation et la
confiance des membres des communautés, telles
que des visites d’échange entre agriculteurs, des
foires agricoles et la coordination du projet par
des comités locaux. Ceci a entraîné le fort soutien
et la mobilisation des communautés pour
conserver et utiliser les bananiers ainsi que la
formation d’organisations locales d’agriculteurs.
D’autres résultats ont été obtenus, tels que :
• l’augmentation de la diversité des bananiers,
d’au moins trois cultivars par foyer ;
• une gestion des cultures améliorée et une
productivité augmentée ;
• l’adoption de nouvelles stratégies de
commercialisation et d’utilisation ;
• l’utilisation d’écoles agricoles en champ pour
enseigner les bonnes pratiques de gestion par
les services de vulgarisation des districts.
Essais participatifs d’options de gestion intégrée des
ravageurs par des agriculteurs
L’INIBAP, avec la NARO, l’ARDI, le KARI, le
Centre international pour la physiologie et
l’écologie des insectes (ICIPE) et l’IITA, réalisent
un projet de trois ans sur la gestion intégrée des
ravageurs au Kenya, en Tanzanie et en
Ouganda. Le projet est financé par le
Department for International Development (DFID,
Royaume Uni). L’utilisation des techniques
existantes ou de nouvelles techniques,
comprenant des pratiques de lutte culturale
contre les charançons et les nématodes,
l’amélioration de la fertilité du sol et l’utilisation
de nouvelles variétés sont en expansion. Des
essais à la ferme sont plantés et la collecte des
données est en cours. En 2002, ce qui n’était
pas prévu dans activités planifiées du projet, un
petit nombre de vaches ont été achetées pour
chacun des sites du projet au Kenya et en
Tanzanie, en réponse à la demande d’assistance
des agriculteurs pour augmenter la fertilité du
sol. Au cours d’une visite d’échange, les fermiers
kenyans et les fonctionnaires des services de
vulgarisation ont pu apprécié les méthodes de
culture, de traitement et de commercialisation
des bananes des Ougandais. Du fait de l’intérêt
suscité par ce voyage, près de 320 personnes
ont participé à la réunion suivante des
partenaires kenyans du projet, soit 300 de plus
qu’à la même réunion en 2001.
Afrique centrale et occidentale
Les rejets vigoureux ont des mères vigoureuses
Grâce à l’investissement continu du Vlaamse
Vereniging voor Ontwikkelingsamenwerking en
Technische Bijstand (VVOB), l’INIBAP a pu
mettre en poste un scientifique associé en
Afrique occidentale pour étudier l’influence des
nématodes sur la production bananière. Le poste
est basé pour moitié à l’IITA et pour moitié au
CARBAP. En 2002, 200 interviews d’agriculteurs
ont été réalisées par l’équipe de recherche pour
étudier leur connaissance des ravageurs et leurs
stratégies de gestion. Les agriculteurs ont une
bonne connaissance de l’état sanitaire des
plants et des rejets de bananiers plantain, et plus
de la moitié des personnes interviewées traitent
leurs rejets avant plantation. L’IITA, le CARBAP
et l’INIBAP réalisent également des essais en
champ pour évaluer les niveaux de nématodes
dans le sol et les pertes de rendement
potentielles. Les effets d’une période de jachère
et du traitement des rejets sur l’état sanitaire des
racines sont également étudiés.
Des bananiers plantain dans la ville
Cent vingt agriculteurs participent à une initiative
menée par l’INIBAP, financée par le
gouvernement français, qui vise à stimuler la
production urbaine et périurbaine de bananes au
Bénin et au Ghana. En collaboration avec le
CARBAP et des partenaires nationaux, le Crops
Research Institute (CRI) et le Ministère de
l’alimentation et de l’agriculture du Ghana,
l’Institut national de recherche agricole du Bénin
(INRAB) et le Centre d’action régionale pour le
développement (CARDER) au Bénin, quatre
variétés améliorées sont cultivées dans les
champs d’agriculteurs à Cotonou au Bénin, et à
Kumasi et Sekondi-Takoradi au Ghana. Les
performances de ces nouvelles variétés seront
évaluées par les agriculteurs, les agents de
vulgarisation et des panels de dégustation seront
organisés pour mesurer les préférences des
consommateurs.
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Information et communication
Changements sur la toile
Les visiteurs réguliers des pages Web de
l’INIBAP auront noté que le site trilingue a
changé. Un total de 467 pages et 382
illustrations sont accessibles aux visiteurs
extérieurs. En 2002, le site Web a été visité 265
fois par jour, ce qui représente plus de 100 000
visites au cours de l’année ! Les bases de
données sont la cible d’un tiers des visites. Les
pages sur PROMUSA et le Consortium global
sur la génomique de Musa se multiplient et les
visiteurs trouveront qu’il est beaucoup plus
facile de trouver des informations utiles
concernant les contacts au sein des groupes
de travail ainsi que les derniers articles
scientifiques.
Bibliographie sur le bananier
En 2002, la base de données MUSALIT s’est
accrue de 600 entrées, dont 28% concernent
des aspects liés à l’après-récolte, domaine qui
était précédemment considéré comme sous
représenté. Les personnes qui demandent un
article pourront maintenant recevoir une version
électronique de l’article entier pour environ
20% des 7300 références bibliographiques
contenues dans la base de données.
Publications
Les pages centrales de PROMUSA de la revue de
l’INIBAP, INFOMUSA, se sont tellement
développées qu’elles forment maintenant une
publication à part entière. Les prochaines versions
des nouvelles de PROMUSA ne seront plus
disponibles qu’en version électronique. Cette
dernière étape dans l’évolution d’INFOMUSA a
conduit à un examen en profondeur du contenu et
de la présentation de la revue, et les numéros de
2003 auront une apparence assez différente.
Banana split
Frappés par l’intérêt des acheteurs canadiens à
s’informer sur l’origine de leurs aliments favoris,
un couple de cinéastes, Ron Harpelle et Kelly
Saxberg, ont produit un film sur les bananes au
cours duquel on saute d’un continent à l’autre.
Leur histoire s’intitule “Banana Split”, et offre des
juxtapositions fascinantes d’acheteurs canadiens
dans la neige et de travailleurs dans des
plantations sous les tropiques, au Honduras.
L’INIBAP a apporté un appui technique pour la
réalisation du film et Emile Frison représente
l’autorité scientifique. La production a été financée
par le CRDI et l’Agence canadienne de
développement international (ACDI). Le film est
actuellement projeté en Amérique du Nord et en
Europe dans des festivals cinématographiques et
des projections publiques.
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Manejo de germoplasma
de Musa
Manejo de germoplasma de Musa en el Centro
de Tránsito de INIBAP
En el transcurso del año 2002, 1419 muestras de
accesiones de la Colección Internacional de
Germoplasma de Musa manejada por INIBAP en
la Universidad Católica de Lovaina (KULeuven) se
transfirieron del almacenamiento a mediano plazo
(MTS) a los medios de cultivo frescos, con el fin
de obtener cultivos apicales proliferantes para
empezar un nuevo ciclo de almacenamiento en
MTS. Para evitar que las accesiones nuevamente
sean indexadas para detectar la presencia de
virus, estas se siembran y los cultivos de puntas
apicales se reinician de las plantas seccionadas.
En 2002, 805 plantas de 226 accesiones fueron
seleccionadas para rejuvenecerlas. Para finales
de 2002, se establecieron cultivos de tejidos para
92 accesiones y se encuentran en preparación
otras 102 accesiones. Las muestras serán
enviadas a los institutos colaboradores, donde
serán sembradas en el campo para verificar su
correspondencia con el tipo verdadero.
A medida que avanza la investigación genómica
aumentan las demandas por el ADN y se aprecia
más el valor de las herramientas moleculares en
INIBAP en el año 2002
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diversos estudios. Para satisfacer las demandas
de tejido fresco de todas las accesiones que se
encuentran en el banco de genes,
independientemente de su estado con respecto a
los virus, se está estableciendo actualmente una
colección de hojas liofilizadas y de ADN. Se
determinó un protocolo especial para la
preservación optima de las muestras foliares que
se está utilizando actualmente.
En el Centro de Tránsito de INIBAP (ITC) se
está implementando, desde un mismo portal, un
sistema especial para el manejo de datos que le
permita al personal acceder a toda la información
sobre las accesiones, desde los datos de
pasaporte hasta los resultados de la indexación
para detectar la presencia de los virus y detalles
de almacenamiento. Se está diseñando un
módulo integrado para manejar los pedidos y
envíos y cada accesión está siendo marcada con
un código de barras único que se lea con la
ayuda de una unidad manual móvil.
Conservación de los bananos y plátanos
de África
La Fundación de Caridad Gatsby está invirtiendo
en un plan para actualizar la conservación de
aquella parte de la colección que se relaciona
específicamente con África y, por consiguiente,
con las vidas de aquellas familias que dependen
más íntimamente del banano. El proyecto también
está dirigido a:
• Colocar 600 accesiones de Musa de origen
africano o de especial interés para África en
crioconservación con la ayuda técnica de un
laboratorio africano;
• Transferir la tecnología de crioconservación a
los científicos africanos;
• Rejuvenecer y reevaluar 400 accesiones en el
campo;
• Recolectar el germoplasma de plátano de la
cuenca del Congo que es nueva para las
colecciones ex situ;
• Desarrollar una estrategia de conservación para
el uso complementario de las metodologías in
situ y ex situ.
Misiones de recolección: Oriente Medio
En 2002, la Organización para la Alimentación y
la Agricultura de las Naciones Unidas (FAO) e
INIBAP apoyaron una encuesta en el Oriente
Medio. El Dr Edmond de Langhe, un taxónomo
líder en Musa, junto con colaboradores locales,
investigaron colecciones y plantaciones de
banano en Jordania, Egipto y Omán. Es la
primera vez que se explora la diversidad de los
cultivares de Musa en esta parte del mundo. En
cada país visitado, el equipo evaluó las
colecciones nacionales, así como la diversidad en
las fincas de los agricultores. Ellos resolvieron
problemas de taxonomía y propusieron diversas
recomendaciones para mejorar la producción
bananera y el uso de los bananos.
Crioconservación
Continúa la investigación sobre la optimización del
protocolo de crioconservación para una amplia
serie de variedades de Musa a través del
financiamiento del Directorado General Belga para
la Cooperación Internacional (DGIC). Para finales
del año 2002, 76 accesiones en el ITC pueden
considerarse almacenadas con seguridad a largo
plazo.
‘Nyamwihogora’ y ‘Mbwazirume’ (ambas son
variedades de banano de los altiplanos de África
Oriental) y ‘Cachaco’ (ABB) pueden ser añadidos
a un total de cuatro variedades de las cuales se
obtuvieron cortes (scalps) de alta calidad a través
del cultivo en 10µM del regulador de crecimiento
thidiazuron (TDZ) en vez de 100µM de
benzyladenine (BA). Las observaciones realizadas
durante la crioconservación indican que los cortes
derivados de TDZ se comportan de igual manera
que los derivados de BA y requieren la mitad de
tiempo para su preparación.
Terapia de los virus
La Universidad de Gembloux continúa
investigando los protocolos para la erradicación
de los virus de los bananos apoyada por el DGIC.
La termoterapia de los bananos infectados con el
virus del mosaico del pepino (CMV) dio como
resultado tasas de eliminación de 35% y 70% en
las plantas in vivo e in vitro respectivamente.
El BSV es erradicado después del cultivo de
meristemas en aproximadamente 45% de las
plantas regeneradas. La crioterapia de los
meristemas altamente proliferantes da como
resultado alrededor de 60% de erradicación.
Entretanto, para el virus bunchy top del Banano
(BBTV) el 90% de las plantas infectadas con la
cepa africana es curado mediante el cultivo de
meristemas, mientras que solo el 45% de las
plantas se recuperará de la cepa china. Sin
embargo, el uso de la crioterapia aumentó la tasa
de erradicación de la cepa china en un 75%.
Caracterización
La investigación a través de la citometría de flujo
realizada en el Laboratorio de citogenética y
citometría molecular en el Instituto de Botánica
Experimental (IEB), se concentró en 2002 en el
análisis de las especies que no son acuminata o
balbisiana. Se ensayó un total de 283 accesiones,
119 por primera vez, 164 por segunda o tercera
vez. Setenta y cuatro de las 76 analizadas
nuevamente no mostraron cambios en el nivel de
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ploidia en comparación con los análisis previos.
Los resultados confusos relacionados con las dos
accesiones restantes pueden sugerir un estado
de ploidia mixta.
Sistema de información sobre el germoplasma
de Musa
Una pasantía de seis meses financiada por el
Gobierno de Québec permitió realizar un análisis
general del contenido del Sistema de información
sobre el germoplasma de Musa (MGIS) para
ayudar a identificar cualesquiera duplicaciones,
vacíos y clasificaciones erróneas. Al mismo
tiempo el programa DIVA-GIS, desarrollado por el
Centro Internacional de la Papa (CIP) e IPGRI,
fue explorado como una herramienta de mapeo
para el MGIS.
En 2002, 23 curadores de las colecciones de
germoplasma de Musa en África se reunieron por
primera vez en un curso de capacitación
financiado por el Centro Técnico para la
Agricultura y Cooperación Rural (CTA) y
auspiciado por el Centro Africano de
Investigaciones sobre Bananos y Plátanos
(CARBAP) en Camerún. Aprovechando la reunión,
después del curso de capacitación se realizó un
taller para determinar los nombres y sinónimos de
los plátanos de África Occidental y Central,
utilizando los datos y las fotos del MGIS, después
del cual se acordó una lista de nombres
aceptados de las variedades.
Programas globales sobre
el mejoramiento de Musa
Proyecto global con el Fondo Común para los
Productos Básicos (CFC)
INIBAP está facilitando el ambiente para más de
1000 agricultores en 7 países de África y América
para cultivar, evaluar y mercadear las variedades
mejoradas de banano. El CFC está financiando el
proyecto. La República Democrática de Congo
(DRC), Ecuador, Guinea, Haití, Honduras,
Nicaragua y Uganda están implementando
proyectos a través de las agencias de los SNIA.
En 2002, el material de siembra de 10 variedades
mejoradas de una selección de 27 variedades en
total fue multiplicado y sembrado en las parcelas
de demostración en cada país. La evaluación del
desempeño de las variedades seleccionadas
tendrá lugar en la finca, involucrando la
participación de al menos 150 agricultores en
cada país.
Mejoramiento de Musa en la FHIA
INIBAP, con el financiamiento de USAID, está
apoyando las actividades de la Fundación
Hondureña de Investigación Agrícola (FHIA) en el
mejoramiento de los bananos a través de la
hibridación, en el mantenimiento del banco de
germoplasma y en la investigación de las
poblaciones de patógenos. El trabajo está
concentrado en el uso de diploides mejorados y
en la introducción de técnicas moleculares y
metodología de detección temprana de las
enfermedades. Un total de 20 cruzamientos están
dirigidos a producir un plátano resistente a la
Sigatoka negra, un banano de cocción enano con
floración precoz y un banano para la exportación
resistente a la Sigatoka negra, nematodos y
marchitamiento por Fusarium. En 2002, se
polinizaron 3426 racimos y se produjeron
15 híbridos para cuatro cruzamientos:
AVP-67 x Calcutta 4, SH-3648 x SH-3142, 
SH-3648 x SH-3362 y Highgate x SH-3142.
Actualmente, se realizan todos los otros
cruzamientos planificados y se encuentran en
diferentes etapas hacia la producción de plantas
híbridas.
PROMUSA
Se reúne el grupo de trabajo en Picudo negro
La primera reunión del grupo de trabajo en Picudo
negro de PROMUSA se celebró en la Islas
Canarias en marzo de 2002. Esta es la primera
ocasión donde los científicos, biólogos y
genetistas que trabajan con el picudo negro se
han reunido bajo la bandera de PROMUSA con el
fin de concentrarse en el mejoramiento genético.
El grupo de trabajo funcionará como los otros
cinco grupos, dirigido por un responsable de las
convocatorias con un núcleo de científicos activos
en la disciplina del mejoramiento genético. Los
participantes en la reunión acordaron que sus
principales objetivos son:
• Identificar fuentes de resistencia;
• Desarrollar métodos y protocolos de cribado;
• Acordar sobre las referencias y verificaciones.
Tercera reunión del grupo de trabajo en Sigatoka
Después del Taller internacional sobre las
enfermedades de las manchas foliares causadas
por Mycosphaerella, los miembros del grupo de
trabajo en Sigatoka de PROMUSA se reunieron
durante dos días. El grupo formuló los siguientes
puntos de acción:
• CIRAD propone iniciar y albergar una colección
de cepas de diferentes patógenos
Mycosphaerella.
• Los protocolos para el muestreo de los
patógenos deben ser normalizados y la
información técnica diseminada ampliamente.
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• Las metodologías para la observación de la
patogenecidad, utilizando los sistemas in vivo o
in vitro, deben ser normalizadas.
• Las colecciones existentes, sin embargo, deben
ser caracterizadas para identificar nuevas
fuentes de resistencia.
• Se debe desarrollar extensas herramientas de
diagnóstico.
• Se requieren estudios sobre la durabilidad de la
resistencia.
• Es vital obtener mejores conocimientos sobre
los mecanismos de dispersión del patógeno.
Musa balbisiana y los mejoradores de banano
Los científicos involucrados en la pequeña
cantidad de programas de mejoramiento de Musa
existente en todo el mundo se encontraron en la
KULeuven en mayo de 2002 para consolidar sus
ideas sobre las iniciativas y actividades conjuntas.
Como resultado, se creó un Consorcio global de
los mejoradores de Musa. El objetivo del grupo
será el empleo del mejoramiento genético en la
resolución de los retos actuales que se presentan
en forma de limitaciones a la producción.
Las prioridades de las investigaciones,
identificadas en el transcurso de la reunión, se
concentran en tres tópicos importantes: el
establecimiento de un programa de mejoramiento
en Asia, la intensificación de las misiones de
recolección y la normalización y ampliación de los
esfuerzos de caracterización. Las propuestas
fueron totalmente respaldadas por el grupo de
trabajo en mejoramiento genético de PROMUSA y
se convirtieron en la base para las discusiones
relacionadas en una reunión ad hoc sobre
balbisiana, que tuvo lugar los días 8-10 de julio en
Bangkok, Tailandia.
Tercer Simposio Internacional sobre la biología
molecular y celular de los bananos
La KULeuven, Bélgica, brindó el escenario para el
3r Simposio Internacional sobre la biología
molecular y celular de los bananos. Más de 100
científicos se reunieron en este simposio y la
mayoría de ellos se quedó para deliberar en las
reuniones de los grupos de trabajo en virología y
mejoramiento genético de PROMUSA. En adición,
se celebró la reunión de los grupos de
investigación sobre la biología molecular de
Mycosphaerella fijiensis. Su objetivo es lanzar un
nuevo consorcio que reunirá las iniciativas
genómicas en M. fijiensis y M. graminicola, un
patógeno estudiado relativamente bien que es
parásito del trigo.
Descubriendo el genoma
Los miembros del Consorcio global de la
genómica de Musa se reunieron en la KULeuven
por segunda vez en septiembre de 2002. La
Universidad de Helsinki en Finlandia, las
Universidades de Malaya y Putra Malaya en
Malasia y el Instituto Nacional para las Ciencias
Agropecuarias (NIAS) en Japón se convirtieron en
sus nuevos miembros. La Agencia Internacional
de Energía Atómica de la FAO (FAO/IAEA) planea
servir como depósito de mutantes; la IEB
proporcionará un centro de recursos genómicos,
KULeuven propone proporcionar un centro
transgénico de Musa y el ITC ha establecido un
servicio para proporcionar material foliar
liofilizado. Tres bibliotecas de cromosomas
artificiales bacterianas (BAC) fueron desarrolladas
por los socios del Consorcio a partir de las
especies silvestres de Musa acuminata y
M. balbisiana y un cultivar triploide.
Creación de un nuevo banano de altiplanos de África
Oriental
Lanzada en el año 2000, una asociación creada
mediante iniciativa conjunta de NARO, la
Universidad de Makerere, INIBAP, CIRAD,
KULeuven, la Universidad de Pretoria e IITA, está
intentando de introducir características genéticas
de resistencia a la Sigatoka negra, nematodos y
picudos negros en el banano de altiplanos de
África Oriental (EAHB). El proyecto de tres años
es financiado por el gobierno de Uganda,
Fundación Rockefeller, Gobierno Belga y USAID.
Se equiparon completamente dos laboratorios
para las investigaciones en biología molecular y
cultivo de tejidos, los cuales albergan un equipo
de técnicos capacitados. Con la asistencia de
CIRAD y KULeuven, se están aplicando diversos
métodos para el establecimiento de las
suspensiones celulares embriogenicas (ECS),
utilizando flores masculinas o cultivos de
meristemas como materiales de iniciación, a los
cultivares ‘Mbwazirume’, ‘Kibuzi’, ‘Nakasabira’,
‘Nandigobe’, ‘Kabula’, ‘Mpologoma’, ‘Nakinyika’ y
‘Kisansa’. En 2002, se obtuvieron cortes de buena
calidad de los ocho cultivares.
Un estudiante de doctorado está trabajando en
la introducción de las fuentes de resistencia
genética a la Sigatoka negra en el banano en la
KULeuven. Se logró éxito en el establecimiento de
un protocolo fácilmente reproducible para la
introducción un gen de quitinasa en las
variedades de banano no EAHB a través de la
transformación mediada por Agrobacterium, y, en
un menor grado, a través de bombardeo con
partículas. En la KULeuven se está haciendo el
trabajo de introducir diferentes lectinas en las
especies Arabidopsis y Nicotiana. Se seleccionan
aquellas que muestran altos niveles de expresión
en las raíces, y se determinan sus efectos sobre
los nematodos del banano. La resistencia a los
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picudos negros está siendo explorada a través del
cribado de las cepas Bt, que se realiza en el
CIRAD, y un aspirante a doctorado, patrocinado a
través de la colaboración entre IITA, NARO y la
Universidad de Pretoria, está examinando la
acción de los inhibidores de cisteína proteinasa
(cistatinas) aislados de arroz y papaya contra el
picudo negro del banano. Los resultados iniciales
indican que las cistatinas de papaya redujeron la
actividad de la cisteína proteinasa en el
mesenterio de los adultos y larvas hasta 19% o
menos.
Mejoramiento a través de la transformación
genética
La investigación realizada en la KULeuven sobre
el cultivo de los ECS y la transformación de Musa
son apoyadas por el DGIC. La frecuencia de las
respuestas embriogénicas sugiere que los cortes
derivados de TDZ son capaces de producir una
tasa aceptable de embriogénesis, realmente una
tasa más alta que los cortes derivados de BAP.
Los cultivares de plátano y los bananos de
cocción tuvieron la respuesta más alta (hasta
16.7% y 11.7% respectivamente). Sin embargo,
los embriones obtenidos de los cortes derivados
de TDZ a menudo fueron relativamente más
maduros y distintos. El tiempo de preparación y la
capacidad de regeneración de los ECS a partir de
los cortes derivados TDZ y BAP parecen ser
comparables.
Una tecnología para atrapar genes está siendo
desarrollada para el aislamiento de los
promotores utilizando el gen de luciferasa (luc)
como un gen reportero. La sincronización y la
estabilidad de la expresión de luciferasa fueron
estudiados en los ECS de ‘Three hand planty’
(AAB), ‘Grand naine’ (AAA) y ‘Gros Michel’ (AAA).
De aproximadamente 24 000 colonias
transgénicas de ‘Gros Michel’, 17 (0.07%)
mostraron la expresión constitutiva. En otras
24 000 colonias cribadas con el activador de
resistencia adquirida sistemática, benzotiadiazol
(BTH), se identificaron ocho (0.03%) candidatos.
Seis (0.05%) de las 11 000 colonias fueron
inducidas mediante un tratamiento con el cloruro
de sodio. Finalmente, de los 2800 cultivos de
meristemas proliferantes, 12 cultivos (0.4%)
mostraron la expresión.
Verificando el impacto
INIBAP y el Instituto Internacional de
Investigaciones sobre Políticas Alimentarias
(IFPRI) se están lanzando en una nueva y
totalmente poco usual iniciativa para evaluar los
impactos social y económico de los bananos
mejorados sobre la vida de los pequeños
agricultores en África Oriental. El proyecto es
multidisciplinario, e involucra una extensa
investigación económica a escala familiar, la
proyección del excedente económico a escala
nacional a través de un enfoque del modelo de
Evaluación Investigativa Dinámica para la
Administración (Dynamic Research Evaluation for
Management, DREAM), de IFPRI, y una
evaluación ampliada del impacto en una escala
sociológica utilizando un Enfoque de Vida
Sostenible (Sustainable Livelihoods Approach,
SLA).
Este estudio abarca a Uganda y Tanzania.
INIBAP e IFPRI están trabajando conjuntamente
con la NARO, ARDI y Universidad de Makerere.
Para todos los participantes el proyecto
representa una oportunidad para explorar un
territorio desconocido, adquirir una capacidad muy
deseada para analizar el impacto en las casas y
descubrir información verdaderamente importante
que pudiera causar cambios a escala investigativa
e institucional. Por esta razón, el proyecto también
está abriendo camino para el concepto de
Aprendizaje y Cambio Institucional (Institutional
Learning and Change, ILAC). En noviembre de
2002, se celebró un taller de planeamiento en
Kampala, Uganda, a través del apoyo financiero
de USAID, que está financiando los estudios
económicos.
INIBAP alrededor del mundo
América Latina y el Caribe
Taller Internacional sobre la Sigatoka
El 2do Taller Internacional sobre las enfermedades
de las manchas foliares causadas por
Mycosphaerella reunió a más de 60 científicos
tanto del sector privado como público,
representando más de 16 países a escala
mundial, en Costa Rica, los días 20-23 de mayo
de 2002. Los organizadores fueron INIBAP, la
Corporación Bananera Nacional (CORBANA), la
Escuela de Agricultura de la Región Tropical
Húmeda (EARTH) y el Centro Agronómico
Tropical de Investigación y Enseñanza (CATIE).
• Se identificaron las siguientes necesidades para
la investigación:
• Estudio taxonómico y pruebas de diagnóstico
rápidas de las especies Mycosphaerella y de los
géneros relacionados que ocurren en las
lesiones de las hojas de banano;
• Distribución geográfica actualizada de los
patógenos Mycosphaerella;
• Investigación de la influencia de M. eumusae
sobre el crecimiento y rendimiento de los clones
de banano;
• Estudio de las relaciones hospedante-patógeno;
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• Investigación de la dispersión de la enfermedad,
patogenecidad y variabilidad genética;
• Iniciativa genómica para proporcionar
herramientas de investigación;
• Caracterización morfológica y molecular de
Musa balbisiana;
• Cribado de Musa textilis y M. schizocarpa para
detectar resistencia;
• Formulación de una estrategia de manejo
integrado de plagas.
Negocio orgánico en Bolivia
La Comisión Interamericana para el Control del
Abuso de Drogas (Inter-American Drug Abuse
Control Commission) de la Organización de los
Estados Americanos (CICAD/OAS), está
financiando a INIBAP y al Viceministerio de
Desarrollo Alternativo (VIMDESALT) para que
puedan dirigir una iniciativa de mejoramiento de
la producción bananera y desalentar a los
agricultores de emigrar a las zonas productoras
de Coca o cultivar la Coca ilegalmente. El
proyecto funciona a través de un marco de
aproximadamente 1000 agricultores que trabajan
dentro de diez asociaciones de productores que
conjuntamente forman la Unión de Asociaciones
de Productores Orgánicos de Alto Bení,
incluyendo a dos organizaciones comerciales,
Bana Bení SRL y Bana Bení Export.
La inversión se realiza en la infraestructura y el
sistema de producción en toda el área proyectada.
Las zonas están siendo equipadas con un riego
eficaz, cablecarriles y sistemas de empaque para
permitir a los agricultores producir grandes
cantidades de fruta de alta calidad que cumpla con
las normativas de exportación orgánica. Por otro
lado, se instalan plantas empacadoras móviles y
cablecarriles en los puntos estratégicos en las
áreas productoras. Se están mejorando las
prácticas culturales. Cada asociación tiene un
agrónomo dedicado y socios designados quienes
actúan como “promotores”. En 2002 todos los
agrónomos y promotores recibieron capacitación
sobre las técnicas de manejo del cultivo; también
se organizaron cursos sobre la certificación
orgánica y manejo de los fertilizantes orgánicos.
Asia y el Pacífico
Creando bancos para el futuro
El ITC provee regularmente plántulas derivadas
del cultivo de tejidos de la colección internacional
de germoplasma de Musa, pero a una tasa
máxima de cinco muestras por accesión por cada
pedido. A escala local existe una demanda por un
suministro sensible, continuo y extenso de
material de siembra sano que esté disponible a un
amplio público. Esto requiere la capacidad dentro
de los países para conservar, multiplicar y
distribuir el germoplasma.
En la región de Asia y el Pacífico, INIBAP y los
miembros de la Red de Banano para Asia y el
Pacífico (BAPNET), están erigiendo esta
capacidad a escalas nacionales con el apoyo del
gobierno de Taiwán. Dieciséis institutos en 13
países se han ofrecido como socios en el
esquema con el fin de establecer las facilidades
para conservar y distribuir el material de
plantación de banano. Algunos ya están
involucrados activamente en la diseminación de
las variedades de banano. Otros tuvieron que
empezar desde el principio. En 2002, las plantas
suministradas a la mayoría de los institutos fueron
multiplicadas, sembradas en el campo o
mantenidas en conservación in vitro.
Buscando hogares para los bananos en Filipinas
Cinco universidades, la Universidad Estatal de
Cavite, la Fundación Virlanie, el Colegio Estatal
Quirino, la Universidad Estatal Memorial Don
Mariano Marcos y el Colegio Estatal Politécnico
de Ilocos Sur, sembraron parcelas de
demostración de las variedades mejoradas de
banano en el marco de un proyecto apoyado por
el gobierno de Filipinas. Los agricultores reciben
el material de plantación gratuitamente y
participarán en la evaluación de las nuevas
variedades en sus fincas.
Paralelamente, ocho sucursales del Club
Rotario están suministrando cultivares locales
populares y variedades mejoradas a las casas
tanto en las áreas rurales como en las ciudades.
Se enfoca particularmente en los hogares con
bajos ingresos. Se espera que alrededor de 40
000 plantas de banano encontrarán sus hogares
para los finales del 2003.
Programa de Futura Cosecha para África
Apuntando alto en África
El Fondo de Acceso a la Tecnología del Programa
de Aplicaciones Tecnológicas para el Crecimiento
Rural y la Transformación Económica (Technology
Applications for Rural Growth and Economic
Transformation, TARGET) de la Agencia para el
Desarrollo Internacional de los Estados Unidos
(USAID) está financiando un proyecto de dos
años, dirigido por el IITA e INIBAP. Los principales
objetivos son:
• Suministrar híbridos mejorados de banano y
plátano a los agricultores;
• Capacitar a los agricultores en la producción
mejorada y técnicas de mercadeo;
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• Establecer un sistema para asegurar el
suministro continuo de los híbridos mejorados a
los agricultores;
• Desarrollar estrategias para el aumento de los
ingresos rurales a través de las actividades a
escala de la comunidad.
Camerún, Ghana, Mozambique y Tanzania fueron
seleccionados como países designados. En total,
se espera que alrededor de 2000 agricultores
recibirán 
64 000 plantas de variedades mejoradas. Aquellos
que reciban el germoplasma estarán obligados a
entregar al menos un retoño a otros agricultores,
una vez que las plantas se hayan establecido
exitosamente.
África Oriental y del Sur
Si no los usas, los pierdes
INIBAP y sus colaboradores, NARO y la
Universidad de Makerere en Uganda, el Instituto de
Investigación y Desarrollo Agropecuarios (ARDI) en
Tanzania, y varias ONG y organizaciones
comunitarias (OBC) en ambos países, están
trabajando en cuatro sitios en Tanzania y Uganda
para ayudar a las comunidades a conservar y
aumentar la diversidad de los bananos. Después
de tres años, el proyecto ha logrado más de lo
esperado y los agricultores participantes y
colaboradores han solicitado una extensión de las
actividades. Los donantes, Centro Internacional
para la Investigación y Desarrollo (CIID) de
Canadá, ha decidido invertir en una segunda fase
de tres años.
Se realizaron estudios socioeconómicos y
etnobotánicos, así como varias actividades
involucrando la participación y confianza de los
miembros de la comunidad, como visitas de
intercambio de agricultores, ferias agropecuarias y
coordinación de proyectos a través de los comités
locales. Esto dio como resultado un fuerte
respaldo y movilización de la comunidad en el
apoyo del uso y conservación del banano y la
formación de las organizaciones de agricultores.
Entre otros logros están los siguientes:
• aumento de la diversidad del banano mediante
la posesión de al menos tres cultivares por
casa;
• manejo mejorado del cultivo y aumento de la
productividad;
• adopción de nuevas estrategias de mercadeo y
utilización;
• uso de las escuelas rurales para enseñar
buenas prácticas de manejo por los servicios de
extensión distritales.
Evaluación de la participación de los agricultores en
las opciones del MIP
INIBAP, con la NARO, ARDI, KARI, el Centro
Internacional para la Fisiología y Ecología de los
Insectos (ICIPE) e IITA, están implementando un
proyecto de tres años sobre el manejo integrado
de plagas en Kenia, Tanzania y Uganda. El
proyecto es financiado por el Departamento para
el Desarrollo Internacional (DFID) del Gobierno del
Reino Unido. Se está expandiendo el uso de
tecnologías nuevas o ya existentes que involucran
las prácticas del control cultural dirigidas a los
picudos negros y nematodos, mejoramiento de la
fertilidad de los suelos y de las variedades
mejoradas. Se han sembrado parcelas para los
ensayos en las fincas y se está realizando la
recolección de datos. En 2002, desviándose de las
actividades planeadas del proyecto, se adquirió
una pequeña cantidad de vacas para cada uno de
los sitios del proyecto en Kenia y Tanzania, en
respuesta a las peticiones de los agricultores de
asistencia en el aumento de la fertilidad del suelo.
Los agricultores y extensionistas de Kenia
observaron de primera mano el cultivo de los
bananos, su procesamiento y los métodos de
comercialización de los agricultores de Uganda en
una visita de intercambio. Como resultado de este
viaje surgió un gran interés y la siguiente reunión
de los participantes de Kenia fue atendida por casi
320 personas, 300 más que la misma reunión del
año 2001.
África Occidental y Central
Los retoños sanos tienen madres sanas
Gracias a la inversión continua de Vlaamse
Vereniging voor Ontwikkelingsamenwerking en
Technische Bijstand (VVOB), INIBAP ha sido
capaz de contratar a un científico asociado para
África Occidental para que investigue la influencia
de las especies de nematodos sobre la producción
bananera. Esta posición es albergada por el IITA y
CARBAP. En 2002, el equipo de investigadores ha
realizado 200 entrevistas con los agricultores para
investigar el conocimiento de la plaga y estrategias
de manejo. Existe un buen conocimiento sobre el
estado sanitario de las plantas y los retoños de
plátano, y más de la mitad de los entrevistados
tratan sus retoños de algún modo antes de
sembrarlos. El IITA, CARBAP e INIBAP también
están realizando ensayos de campo para evaluar
los niveles de los nematodos en el suelo y las
pérdidas potenciales de rendimiento. También se
están investigando los efectos del período de
barbecho y del tratamiento de los retoños sobre el
estado sanitario de las raíces.
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Plátanos en la ciudad
Ciento veinte agricultores están participando en
una iniciativa administrada por INIBAP y
financiada por el Gobierno de Francia, dirigida
a ayudar a la producción de los bananos en las
áreas urbanas y periurbanas en Benin y
Ghana. Trabajando con el CARBAP y
colaboradores nacionales, el Instituto de
Investigación de Cultivos (CRI) y el Ministerio
de Alimentación y Agricultura en Ghana, el
Instituto Nacional de Investigación Agrícola de
Benin (INRAB) y Centro de Acción Regional
para el Desarrollo (CARDER) en Benin, se
están cultivando cuatro variedades mejoradas
en los campos de los agricultores en Cotonou
en Benin, y Kumasi y Sekondi-Takoradi en
Ghana. El desempeño de las nuevas
variedades será evaluado por los agricultores,
extensionistas e investigadores y se
establecerán paneles de degustación para
medir las preferencias de los consumidores.
Información y comunicaciones
Cambiando la cara en la Internet
Los visitantes regulares de las páginas de
INIBAP en la Internet notarán que el sitio
trilingüe ha cambiado su cara. Los visitantes
externos pueden acceder a un total de 467
páginas y 382 ilustraciones. En 2002, se
realizaron 265 visitas diarias a nuestro sitio en
la Internet. ¡Es casi 100 000 en el transcurso
del año! Un tercio de las visitas son a las bases
de datos. Las páginas de PROMUSA y del
Consorcio Global de la Genómica de Musa se
están multiplicando y los visitantes encontrarán
más fácil de localizar información útil sobre los
contactos en los grupos de trabajo y los
trabajos científicos más recientes.
Bibliografía del banano
Durante el año 2002, la base de datos MUSALIT
fue expandida para incluir otros 600 registros, el
28% de los cuales se concentrarán en los tópicos
postcosecha, un área que anteriormente se
consideraba poco representada. Según la solicitud,
un 20% de los 7300 registros bibliográficos que
contiene la base de datos puede ser enviado en
una versión electrónica.
Publicaciones
Las páginas centrales de PROMUSA de la revista
científica de INIBAP, INFOMUSA, se han expandido
a tal grado que actualmente ellas forman una nueva
publicación por propio derecho. Las versiones
siguientes de noticias de PROMUSA sólo estarán
disponibles en forma electrónica. Este último paso
evolutivo de INFOMUSA ha promovido una revisión
cuidadosa del contenido y apariencia de la revista y
sus ejemplares en 2003 se verán algo diferentes.
Llegando al público a través del “Banana Split”
Sorprendidos por la complacencia de los
compradores canadienses de informarse ellos
mismos sobre los orígenes de sus alimentos
favoritos, el equipo formado por los esposos Ron
Harpelle y Kelly Saxberg ha producido una película
sobre los bananos, la cual ha recorrido el
continente. Su historia se llama “Banana Split”, y
brinda yuxtaposiciones fascinantes de los
compradores canadienses en la nieve y de los
trabajadores en las plantaciones en Honduras
tropical. INIBAP proporcionó información científica
para la película y Emile Frison es presentado como
una autoridad científica. La producción fue apoyada
por el CIID y la Agencia de Desarrollo Internacional
de Canadá (CIDA), y actualmente se presenta en
Norteamérica y Europa a través de los festivales y
exhibiciones públicas.

